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*» EDITOR'S PREFACE 

^ The agency by which civilization is rendered pro- 

j gressive is education. Whatever is visioned as a good 
^ for the race as a whole, education is to make the po8se&- 
^ sion of the many. In general the great educational 
agencies of the race are the worldnspirit, environment, 
and the teacher. 

The world-spirit is the the influence of Divine Provi- 
dence upon the human soul. The whole race is at 
school to this supernatural and potential force. More 
than we know, this world-spirit educates us. The dis- 
tinctive quality of this influence may be called ''edu- 
cation by atmosphere." Its best results are by indi- 
rection. We are prone to imdere^timate the far-reaching 
and vitally fflgnificant power that lies in the subtle 
suggestions of "the still small voice," and that thrills 
the spirit with reverent awe. Commimion with the 
^ unseen is nutrition of the loftiest character. 

> Environment is the influence of natural law and social 

^ custom moulding man steadily but imperceptibly into 

-h the perfect product that is at once the hope and the 

^' despair of the idealist. Environment sets all the cur- 

^ rents of the soul aflow with streams of influence that, 

"X imchecked, lift the individual to his ideal state. There 

^ can be no potency in an education that does not give 

the learner vivid impressions from actual contact with 
things. The word "bug" can never mean as much 
educationally as the real bug. In fact, the worth of the 
form^ as an educational agency depends upon its fol- 
lowing close upon an experience with the latter. Words 
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8 EDITOR'S PREFACE 

name ideas. They do not engender ideas. Things give 
birth to ideas. Hence one's environment is educa- 
tionally possessed of the greatest potential worth. It is 
the business of the school to convert this potential 
worth into active, usable educational data. 

The teacher is the trained individual set by experience 
to accomplish, by the quickening processes of method 
and principle, the speediest orderly comprehension in 
each individual of the richest inheritance of thought 
that the race has treasured for its legitimate heir, the 
child. The teacher studies the time element in the 
educational process. He is conscious of the need for 
such an elimination of non-vital elements in the data of 
the school as will bring the learner in the briefest time 
to the highest mental development and to the posses- 
sion of a fairly varied and extended field of facts. The 
teacher also studies the mental complex of each learner, 
and ascertains how this varies in the several learners 
and in the several stages of growth in each learner. 
This knowledge, combined with relatively full imder- 
standing of the subject matter to be taught, enables him 
to bring the learner speedily and surely into his best 
estate. 

Thus Nature, the race's physical environment, be- 
comes one of the great teachers of the child. Its func- 
tion has not always been understood, and its value has 
not always been recognized. Children have senses, but 
they have not been trained to gather from the objects 
about them that rich and varied nutrition their spirits 
need and which, if properly aroused, they would con- 
stantly crave. We hear much of the out-of-door habit, 
and such a habit is imdeniably desirable, but its attain- 
ment is conditioned upon the forces in one's environment 
to woo the spirit to the secret haunts of birds and flowers. 
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The early years of training should include the con- 
scious effort to make the learner feel at home with his 
physical environment, to be on terms of intimate friend- 
liness with the multiform aspects of earth and air and 
sea and sky. This intimacy established, the future 
years will but increase the power of subtle suggestions 
and enrich the life of the wanderer out under tree and 
sky, by meadow and stream, into the heart of things 
that teem with suggestion and fill the spirit to over- 
flowing. 

The study of nature in school should create a pas- 
sionate love for the things in God's great school. This 
can never be done by any formal lessons of an analytical 
sort. We may analyze flowers and dissect animals in 
the laboratory; but all this, at its best, cannot set the 
soul of a child aflame with interest in the objects of his 
environment. Such study deadens all interest and 
negatives the essential good the study aims to achieve. 
"Object Lessons" happily no longer make a farce of 
nature teaching, and text-books of analytic data con- 
cerning the things of nature are likewise finding their 
resting-place among the dust-covered mementoes of a 
day that is gone. We now see that information is not 
nearly so vital as inspiration. The aim is not primarily 
to cause a child to know, but to love, nature. This love 
later on in secondary schools and colleges can be organ- 
ized into all sorts of categories and formulas, but the 
first approach to nature must be sympathetic, not 
scientific. 

We must teach, and we must allow pupils to love 
sincerely, and in their own way, the great and wonder- 
ful world "that shines so peacefully about us." A child 
should be led out into nature, set in the midst of love- 
liness, lost in the wavering morrice of nature's glee, 
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and allowed to use his heart as a compass to find his 
way along his own track back into himself, bearing rich 
reflections and fragrant facts for organization into 
higher ideals and nobler conduct. 

This observation and its attendant reflection must 
yield expression in clear, concise, correct language, and 
in such skill of the hand as to portray in a fairly adequate 
way by line and color the impressions in his mind. It 
is foolish to use the objects of nature for busy work. It 
is, likewise, foolish to fret the child with endless question- 
ing. Here freedom of investigation and fulness of re- 
flection are the safest guidance, the sanest method. We 
must never forget that a child in reflection is struggling 
and strengthening, and will at last break into adequate 
expression. 

There can be no substitute for a teacher thoroughly 
infused with nature-lore and nature-love. In addition 
to a thorough training in descriptive natural history as 
a preparation for class work, the teacher should fre- 
quently spend his holiday time in excursions to the 
coimtry. Nor should he forget that, with the rest his 
vacation should afford, it should ^ve him many deli- 
cious drafts at the fountains whence spring all the music, 
color, form and motion in the world without. 

" Wonderful, indeed, is the world of beauty about us, 
More wonderful still is the world of beauty within us. " 

The wise teacher will steadily strive to translate 
beautiful things into beautiful thoughts, and beautiful 
thoughts into beautiful deeds. We will aim to make 
thought richer and conduct nobler because of the lessons 
learned so near to natiu'e's heart. We cannot always 
bring the things of our environment into the school, but 
we can bring there, in their natural state, such type 
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objects for study as to make vastly significant all sub- 
sequent experience. This is no serioiis limitation, for 
the school is at best but an experience for the pupil in 
typical things. The full, rich, varied fields of thought in 
every department of study lie beyond the horizon of 
the school. The function of the school is to train the 
growing spirit, through types, to entertain the fuller 
vision afforded by subsequent experience. 

These typical objects, when used in school, must be 
placed with the pupils by a teacher whose spirit is 
suffused with interest in the object. The interest of the 
teacher is the magic power that enkindles enthusiasm in 
the pupils. To present one object thoroughly and well, 
with a maximum of enthusiasm, is worth many, many 
aimless and desultory exercises. The mere fact that the 
object itself has elements of potential interest is not 
enough. A class may languish in the presence of the 
most interesting things if the teacher have not the fine 
insight and genuine interest which alone lift the learner 
to the plane upon which instruction is easy and acquisi- 
tion a delight. It is the life of the teacher in the reci- 
tation that arouses a lively interest in the learner. 

The author of this volume, with rare insight and skill, 
has here ^ven to teachers in orderly array such typical 
exercises and' such appreciative interpretation of the 
things in our common environment as to make delight- 
ful the interpreting of nature to a child. He has the 
rare combination of scientific method and mastery and 
a spirit so reverent and stimulating as to make him 
easily master of the best methods of natiu'e teaching 
known to our latest experience. His printed pages will 
be as informing and as inspiriting as have been his 
addresses to teachers tliroughout the country. 

March 24, 1908. ^' ^' ^' 
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THE STUDY OF NitTURE 



SECTION I— THE THEORY 

I 

WHAT NATURE STUDY IS 

1. Natubb study is the study of nature. When- 
ever the teacher has any question in his mind as 
to whether his work in nature study is Test of Na- 
good or not he need only ask himself, *""S*«dy. 
Have I been studying nature or have I been studying 
about nature? 

2. The free open air is the best background for all 
work in nature study. The conventionalities of the 
school-room fall away. The artificial distance between 
teacher and pupil disappears, and as friend workout 
to friend the group talks. It is this that ofi>oo"- 
makes work in nature study at its best so delightful. 
So long as the group is not too large, and the weather 
is favorable, no other lessons bring so large a return 
as those given out of doors. The wealth of material 
is very great, and the suggestions that come from 
things in their proper places are much more abound- 
ing than those that arise in the artificial conditions of 
the school-room. The teacher who tries to do nature 
work in the school-room, and occasionally manages to 
take a class out of doors, realizes how valuable such 
work is. Few teachers who have tried it are willing 
to relinquish it 

« 17 



18 THE STUDY OF NATURE 

3. The pupils look upon such days as red-letter 
days in their calendars. There are many schools in 
which the out-door lessons cannot be frequent. This^ 
however, is not so largely the case as might be 
expected. Certain it is, in every rural school much 
can be done by the skilful teacher in the way of out- 
door work. If the whole school takes part in the 
exercises, there is no difficulty whatever. Where only 
a part of the pupils share in the work at any one 
time, leaving the school-room becomes a less simple 

SabrtitutM Pr^^^®^^ *^d y®* *^® teacher has poor con- 
forOuuioor trol over a school who cannot take a group of 
pupils out upon the grounds within a short 
distance of the building and have his presence suffi- 
ciently felt in the school-room to maintain entire order. 
The school-room is not well in hand which cannot be 
left to manage itself at least for a short time without 
confusion. There are conditions under which very little 
outside work can be done; however, with care, the loss 
is not so great as one might expect. Out-of-door life 
can be brought within doors and with it can be brought 
very much of its interest. A live animal Jn the school- 
room is in itself a source of interest. The teacher who is 
disconcerted by the advent of a stray dog and who does 
not turn the incident to educational advantage, is miss- 
ing a distinct opportimity. When the teacher can wel- 
come the dog, and can make him contribute his share 
of instruction, he can make of the famiUar creature a 
centre of interest and make his intrusion seem welcome. 
Whenever a live animal is deliberately brought into 
the school-room for the actual purpose of nature study, 
the best results can only be secured if its surroundings 
are brought with it. Of course, a fish should be studied 
in water, but this is only the bepnning of the best work. 
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The plants in the aquarium should be, if possible^ the 
plants of the water which this fish ordinarily haunts^ 
and the bottom of the aquarium should be made of the 
same sort of material as the bottom of the stream. This 
may not be always entirely practicable, but just so far 
as it is, it is evident that it is valuable. The turtle 
which is brought into the school-room should not simply 
be kept in a box, but should have the sort of ground over 
which he has been accustomed to roam, and should be 
provided with the food which he would meet outside. 

4. In the case of plants, the entire growing plant is 
far more interesting, where it is possible to have it, 
than are pieces of plants. If wild flowers are to be 
studied, the taking up of a little soil and moss with the 
plant, the using of it in the school-room, and The Use 
then the planting of the same plant in the wild ^ pJm**^ 
garden of the school, are. valuable in very many wajrs. 
This must not degenerate into the reckless destruction 
of large numbers of wild plants. This would be pa3dng 
too large a price. But if a choice plant be carefully 
lifted, earnestly studied in the school-room, and then 
planted somewhere on the school groimds, in a situation 
as nearly like the one from which it came as it is possible 
to find, the lesson will be a good one. In this way there 
will grow up about the school grounds, a school garden 
which will claim the care of the pupils, even though 
there be no set lessons in school gardening. By this 
means, a later year may have its lessons in the school 
groimds, because the material is now close at hand. The 
arbutus, hepatica, and bloodroot, that grow up beside 
the wall, the azalea or rhododendron and laurel, which 
grow along the fence, will serve as a beginning which 
cannot but end in vastly more beautiful school grounds. 

6. But even should the nature teacher not believe 
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himself able either to take his classes out of doors or to 
imitate the out-door work in-doors, it none the less 
remains true that nature work is not nature work unless 
The Need ^* ^ ^^^® from the actual material. This is 
of Actual the absolutely irreducible basis of all effective 
work. Without it, there may be lessons that 
contain useful information, there may be lessons that 
inspire the lagging interest of the pupils, there may be 
lessons that inculcate sound ethics, but none the less 
they are not lessons in nature study. Nature study is 
the study of nature, and nothing else is effective until 
it has found its clear and distinct foimdation in some 
piece of actual first-hand observation. It is easy to have 
interest without such material if the teacher has interest; 
it is easy to impart information that may be more or 
less valuable; but to gain those clear and definite aims 
which nature study starts out to secure, nothing will 
serve but the actual, close-at-hand observation on the 
part of the pupil himself. Hence it is one of the first 
objects of every successful nature teacher to gather a 
very considerable amoimt of material available for this 
work. The nest of the mud-wasp, chestnuts in the burr, 
galls upon plant stems, burrs of all kinds, shells where- 
ever they may be picked up, — ^indeed almost any object 
that can be gathered out of doors, and that can by any 
means be made to contribute interest to the work, 
should be taken whenever found, and on such material 
as a foundation the work should always be based. When- 
ever a subject has been well treated, in some such fashion 
as this, there may follow later any amount of illustra- 
tion, of widening and enrichment, provided it flows 
naturally out of the material examined. But it will be 
subversive of the entire purpose of nature study, if a 
small amount of attention to a familiar object is simply 



WHAT NATURE STUDY IS 21 

made the excuse for a large amount of work that is 
properly literature, or science, or geography, and is not 
nature study. 

6. The teacher who begins nature work cannot realize 
too clearly that the materials for nature study should be 
chosen for their abimdance rather than for their rarity. 
A chestnut burr with its chestnuts is more interesting 
to the pupil, and, in the earlier years of school coj^jnon 
Ufe, more valuable for purposes of nature Things 
study in every way, than is the sprig of coral *** 
broken from a Florida or Bermuda reef, although these 
conditions would be exactly reversed were the nature- 
study lesson being taught in the Bermudas. The pupil 
who, in stud3ring a familiar object, has first contributed 
to the general store a little information of his own, is in 
a better frame of mind to enjoy and to comprehend 
additional points of interest on the subject he is study- 
ing. The great value of the lesson is tied up in the fact 
that all through his later life he will constantly be 
brought face to face with this same familiar object, 
and he will never pass the object without, perhaps 
quite unconsciously, enriching his notice of it by what 
he learned as a boy. This, often repeated, make one's 
environment a constant stimulus. It fills the objects 
of one's daily Ufe with a perennial interest. The man 
who lives in surroundings which are interesting and 
stimulating has exactly the same advantage over a man 
not so interested as he who is encircled by friends has 
over one who is friendless amidst crowds. 

7. The constant temptation of the nature teacher, 
and one to which he often unfortunately succumbs, is 
to substitute a picture of the thing for the thing itself. 
If nature study is the study of nature, then certainly 
the study of pictures is not nature study. I do not 



22 THE STUDY OF NATURE 

mean by this, that pictures do not have a place, and a 
very valuable place, in the work in nature study. When 
they can be made to explain, to enrich, to beautify, a 
PietttiM subject which has already had its good basis of 
ai«»We«k actual observation, they are valuable. There 
^ ' is one practical use to which pictures can be 
constantly put, and that is, to produce in the mind of a 
pupil a preparedness for observation. If the teacher 
means that the pupils should learn to know the mead- 
ow-lark, then a picture of a meadow-lark will serve to 
help them understand what it is they are to see. In this 
sense it serves as a crutch to one who is learning to walk, 
but it must be soon replaced by the object itself. If the 
bird itself has once been recognized, all questions con- 
cerning it should be questions that must be answered 
from the bird itself, or from its natural surroundings, 
and not from the picture which has now finished its 
main usefulness. 

8. If the temptation to work from pictures is great, 
the temptation to work from books is still greater. We 
have been so long accustomed to deriving our informa- 
tion from books, that it scarcely seems possible to 
ob'6«t8 an ^^**^^ ^^ ^^ ^'^y other way. If nature study is 
Better to do its proper work in the school-room, there 
* are few things that it can teach of greater value 
to the average pupil than that he has the power of him- 
self to gather his own information. Accurate informa- 
tion gained from a book is more valuable than slip- 
shod information taken from personal observation. But 
when once the pupil has formed the habit of gathering 
information at first hand, there is a joy in its acquisition, 
and a clearness in the result, which make such informa- 
tion a far more lasting part of one's general store than is 
information gathered from a book. 
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9. There are so many branches in the curriculum in 
which the information is gathered from the printed 
page, that nature study would be of doubtful value if it 
but added to this number. There is so little ,j^ j^^^ 
work in the school-room which depends upon from 

Book ^ITork- 

the pupil's own effort that this is highly neces- 
sary as a part of school training. To leave it to the 
teaching of experience outside of school means to send 
the child into life only half equipped. 

10. Although the study of books is not nature study, 
and never can be, and although it should under no cir- 
cumstances be allowed to usurp the place of direct 
observation, it would be folly to disregard the high 
value of books, and to thus set adde the ex- ^^^ 
perience of the past. To launch oneself into OuideOb- 
the world as if man had never thought before, "*'^ ^^ 
and never before turned his eye to nature, would be to 
forfeit the privileges of being a human being, and to 
lose the advantage of a long civilization. Hence, books 
must play a very important part, but the part must be 
clearly defined. They must not take the place of obser- 
vation; they must not lessen observation; they must 
increase both the number and the richness of the obser- 
vations. Information is so quickly gathered from the 
book, and so slowly gathered by direct observation, 
that there is an apparent saving of time by taking facts 
directly from the book, but if these facts are not origi- 
nally observed, or subsequently verified, they will lack 
both the vividness and the permanency of those ideas 
gained by original observation. 

The teacher who is new to the work will undoubtedly 
be helped by the use of such guides as aid him to deter- 
mine what objects had best be studied at a definite 
time. There are many practical books which will help 
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a teacher to find the material that he needs for his 
work. They will suggest sufficiently the thing that is 
worth observing. To have read any of our better bird- 
writers, for instance, on the subject of any particular 
bird, cannot fail to make the teacher more observant of 
the bird, and if he will but verify these observations in 
the field, there will be no question of the great, value of 
this book in his work. But if he gathers his information 
from a book and then fails to make it his own by actually 
seeing it in the field, he will lose much of his power to 
interest, and will fail to make of his pupils accurate 
observers of bird life. There is another possible value in 
a book, and that is found when it serves in assisting the 
teacher to identify material which he has found. A 
new flower is brought in by a pupil and the teacher does 
not know it. If he be botanist enough to use a key this 
will give him the desired name, with perhaps some 
Uttle information concerning the structure of the plant. . 
It is far more likely that the identification of the plant 
by means of one of the modem popular nature books on 
flowers will jdeld him return distinctly more valuable 
for his particular purpose than the more strictly scien- 
tific treatise. I hope it is needless to remark that the 
teacher should never mention to elementary pupils the 
Latin name of a plant or animal. Such names are in- 
dispensable in their place, but their place is not in the 
work of an elementary teacher. 

11. Far more valuable than these books of informa- 
tion, are the works of those men whose broad conception 
of nature allows us to step from our own observation in 
our own surroxmdings out into the great world. To one 
who knows his own home well, the pages of such a 
book are fairly illuminating. The world away from 
home takes on a new appearance, built up out of con- 
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ceptions gained at first hand in one's own neighborhood. 
Even of double value are the writings of those seers 
whose hearts have lain close to Nature's heart and have 
learned to beat in unison with hers. It mat- „ , 

Books 

ters Uttle here that our poets often make tech- Bring in- 
nical mistakes in science. No student of the "P"**"®*^- 
nautilus will ever do more for the sensitive reader than 
will Holmes's poem. Shelley's "Ode to the Skylark" 
will give greater enjoyment than any technical descrip- 
tion of the bird could ever give, and to have laughed 
with Word worth's "daflFodils" is worth more than to 
be acquainted with the fact that these same daffodils 
are members of the AmaryUidacece. None the less no 
one gets the full value of either poem who has not 
seen the shell of a chambered nautilus and does not un- 
derstand its life; who has not watched a bird in 
"ecstatic" flight; who has not learned to appreciate 
the place in nature, independent of man, of the 
gorgeous color of a patch of daffodils. 

12. We have, then, one sharp criterion by which to 
judge the value of a book for piu-poses of nature study. 
If it leads us to nature, if it sends us out into ^^ ^^^ 
the open, if it makes us clearer in oiu* obser- of Nature 
vation and more earnest in our search, it is a 
good book. On the other hand, if it makes us content 
to study nature by the fireside and in the library, then 
it may be charming Uterature, but it is not nature study. 
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13. Ant teacher who intends to do good work in 
nature study will need to have clearly before him 
The Need some aim which he is to accomplish. In most 
of an Aim. ^f ^^j^g ordinary subjects of the school course, 
the text-book practically settles for the teacher the 
direction and the trend of the work, but in nature study 
this is not the case. 

14. Every one recognizes how constantly things fall 
beneath our eyes without attracting our attention, and 
it was to correct this difficulty that nature study, or 
^ ^lr^,. rather its forerunner, the object lesson, first 

Careful Ob- 

eervation found its placo in the school work. This aim 
18 Needed, ^j training the senses, particularly the sense of 
sight, was practically the only aim. Our imderstanding 
of the pedagogy of nature study has now gone far past 
this line, but we must never forget that careful obser- 
vation lies at the foundation of all nature work, and 
until we do secure good observation none of our other 
results can be safely counted upon as likely to follow. 

15. That many people fail to see the things which 
they would naturally be expected to see is a matter of 
common remark, but I think most of us fail to recognize 

how entirely this is true even of people who 
tioTb^ have been fond of such lines as ought to make 
ooBunoniy them good observers. I have long since ceased 

to be surprised when I find something new 
that I should have found years before. An instance 
from my own experience may not prove amiss. The 

26 
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modem student of any group of animals has given up 
the thought of familiarizing himself with all the mem- 
bers of the group. He has come to be content with one 
of two methods of procedure; either he will take a 
small group and study it intensely, or he will take a 
larger group and content himself with a familiarity 
with what are known as typical examples. This was 
Huxley's method, and is a favorite method with the 
modern scientist who does not aim to be a specialist 
in any particular group of animals. 

In studying insects, my curiosity was aroused by and 
my attention attracted to the description of a bug in 
Comstock's excellent "Manual for the Study of In- 
sects. '^ In describing the creature Comstock says that 
it is ''clothed from head to foot in fine white Brussels 
net." My desire to see the insect was intensified by 
the beauty of the picture which Mrs. Comstock had 
made to illustrate this species. But I had studied 
insects many years before I came across my first lace- 
bug, in the hands of a friend. When I asked the owner 
of it where it could be found, and he replied, ** Almost 
anywhere, " I felt that the information was too vague. 
When I narrowed him down, he confessed he usually 
found it under the bark of trees, and upon urging him 
to be still more specific, he mentioned sycamore trees. 
My heart sank, for what child has not repeatedly peeled 
the bark from the sycamore trees? My mind went back 
to two which had stood before my grandfather's house. 
As a child, I had broken its bark into the shape of coins 
to use in the children's game of store-keeping. Later I 
had lived for five years imder the shadow of a sycamore, 
and had then already more or less fondness for insects. 
It seemed impossible that this creature could be abun- 
dant and I should not have noticed it. That evening, 
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however, I chanced to pass a row of sycamores, and 
taking out my knife I raised a piece of bark. Imagine 
my surprise and delight when the first piece of bark 
3delded thirteen lace-bugs I Since this time I have lifted 
the bark from very many sycamore trees. Nine times 
out of ten, summer or winter, persistent search will 
bring at least an odd specimen or two from any such 
tree. 

16. Of course, no amoimt of training improves the 
eyesight. The image on the retina of a child, unless the 
child's eyes are distinctly defective, is probably clearer 
than it ever will be later in life, and any improvement 
wiuttdo on its sharpness will be almost certainly due 
We See? ^ ^j^^ ^jg^ ^f glasses. Of the images which 
are formed upon our retina, very few, indeed, are recog- 
nized by the brain. So it is that the training which is to 
improve the observation is the training of tlie brain back 
of the eye, and not at all of the eye itself. The thingp 
which we recognize are commonly familiar thing?, 
though it may often happen that when they once get 
too familiar we again fail to notice them, and nothing 
but a change in our surroimdings and the absence of a 
famiUar object excites our attention. But into this 
general field of observation, of which we are only half 
conscious, clear spots of sharp vision intrude themselves. 
We notice, perhaps most of all, things to which we have 
recently had our attention drawn by some circumstance 
and are now re-seeing. For most of us theae form the 
main objects of our interested attention. Those which 
come to be associated with the necessary routine of daily 
life also come to be quickly and quite automatically no- 
ticed. The farmer, passing through the com, notices a 
smutted stalk or a broken fence-rail, provided he is good 
farmer enough to act whenever be sees such a state of 
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affairs. The librarian notices quite unconsdously a book 
out of its proper place, although he may not have been 
intending to straighten out the collection. 

But there is one class of objects to which we pay 
attention with uncommon interest. These are the ob- 
jects to which our interested attention has been called 
but which we have not yet seen. The delight with 
which the boy first sees a bird concerning which his 
appetite has been whetted, is most vivid, and the 
hunter who flushes his first grouse has a keenness of 
sensation which he will be long in duplicating. The 
way, then, to make the child observant is, in the first 
place, to keep him hungry for definite things which are 
likely soon to turn up; and then, too, to teach him new 
facts concerning things he has often noticed before. The 
boy or girl well provided in these two respects is sure of 
a joyous out-door life. 

17. The second great conscious aim in the pursuit of 
nature study, and this is the aim which converted the 
object lesson into nature study, is the acquisition of a 
store of valuable information. Within the last twenty- 
five years the whole trend of modem study has 
been transformed. The historian, the essay- * on the 
ist, the student of the literature of the past, Geog»phy! 
still have a place, and an honorable place, in 
modem life, but it is the second place. The first place 
has been yielded to the en^neer, the scientist, and the 
captain of industry. It is the development of modem 
science which has brought about this result. Work, 
carried on previously by rules of thumb, which are the 
result of individual experience, handed down as a trade 
secret, is now given clearness and precision by being 
laid out by the en^neer and controlled by the chemist, 
in accordance with knowledge gained in the laboratory. 



so THE STUDY OF NATURE 

There arose, hence, a rapid increase in the esteem in 
which scientific knowledge was held, and the scientist, 
instead of being the butt for the jokes in the humorous 
papers, has become the main-spring in the development 
of modern industry. It is most natural that, under such 
circumstances, teachers who reaUze how short is the 
school life of many of our children should be filled with 
an eager desire to give to these children, before they 
leave school, at least an introduction to the general 
principles of science. Therefore the object study be- 
came what was then called elementary science. To 
further this aim, the teaching world asked the scientist 
to put into easy language the principles of his science. 
He usually succeeded in making the words simple, but 
the ideas themselves were the last flower of scientific 
study and were, for the most part, entirely beyond the 
comprehension of anybody below the grade of high- 
school students. 

Professor L. H. Bailey has struck the proper key- 
note in this matter. He says, that when you are think- 
ing of the subject you are studying, you are stud3dng 
science, but when you are thinking of the child, you are 
studjdng nature study. The simple facts of nature 
round about are at first the only things for the child; 
later will succeed the simpler reasons for things, while 
only late and matured thought will cope to advantage 
with the deep and imderlying general prindples. It is 
clear, then, that the careful teacher of nature study 
must see to it that his pupils gain the power of clear 
perception of objects round about them. It is equally 
clear that the wise teacher will choose such objects in 
the immediate environment as are in themselves inter- 
esting and which at the same time science has shown to 
be worth the knowing. Having secured these two points 
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we have done much; but we have only begun our work, 
and will never secure what every teacher ought to secure 
unless we make them strengthen and support the other 
work that is being done in the school-room. 

The study of geography is being re-created in recent 
years. To the good modern student of geography, the 
hills rise in evident reUef, the waters tumble down the 
hill-side, the plains wave with wheat or com, while 
through the valleys pass the Unes of railroad, and the 
sea is covered with vessels carrying the product of every 
clime to every other. Such work as this is utterly im- 
possible imless the pupil has formed in his early years a 
clear series of primary ideas on which to build. The 
pupil who has gone with the teacher to the road-side 
after a shower has been led to notice how the rain has 
worn the gutter, has noticed how the stone in the gut- 
ter has produced a water-fall beneath it, and has seen 
how the top of the gully just made by the last rain is 
clear and sharp on its edges, while the places farthe|r 
down, worn by many rains, have wide valleys and 
rounded edges. Such a pupil is prepared to understand 
the great work which the rivers have done in carving the 
face of the earth. He decides as he looks across the 
valley in which he lives whether or not this valley is a 
new valley, whether nature is still deepening it or has 
taken to widening it. The boy who has seen the pond 
fill up with material brought in by the stream is pre- 
pared to tmdeilstand, as he never did before, the mean- 
ing of the great deltas of the world. The pupil has 
looked at a stalk of com; has noticed the knots in its 
stem above each of which the stem may grow and 
lengthen; has seen the leaves which ofFer so little resist- 
ance to the wind; has brushed from his coat the pollen 
from the tassel. Now he is prepared to understand the 
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life of any grass wherever it may grow, and is also, if 
properly guided, prepared to understand why the plains 
of the world are usually covered with grass; is prepared 
to build up in his mind a prairie, a pampas, or a llano. 

18. By the selection of such subjects as these the 
teacher will gain not only clearness of observation on 
the part of the child, and scientific information valuable 
for itself, but will at the same time be making it possible 

for other branches in the course of study to 
Bt^^and take on such vitality as was not heretofore 
^^j^JI^"* possible. There is one place, at least, at which 

the nature study should continually touch the 
other work of the school-room, and this is in the study 
of language. Clearness of perception is the first factor 
in the production of terse and vigorous expression, and 
each of these will react upon the other. The man of 
vigorous language will be on the constant lookout, 
though quite unconsciously perhaps, for new impres- 
sions, and these will take clear-cut form in his mind. 
So dulness and lack of interest in the construction of a 
sentence in language is often due to the fact that the 
thought itself is absolutely without interest. There are 
few children who cannot talk reasonably well on a sub- 
ject which distinctly interests them, imless their attempt 
to do so has been repeatedly quenched by the teacher, 
who was so careful of the form as to miss the value of the 
content and the spirit. If the teacher, then, wishes to 
have good spoken and written language, his first atten- 
tion should be paid to allowing the child to gain a clear 
idea from a natural object. 

19. These four aims, then, every good teacher of 
nature study should keep clearly before himself, and 
not count himself satisfied with his work until he feels 
he has made definite progress in each of these direc- 
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tions. Let him say for himself, "I must have a familiar 
object to teach, and must get the children to see it 
clearly from many sides. I must see to it that I am 
not frittering away the time of the child on ^.^^ 

facts not worth the knowing. The informa- of Nature 

fliiiirlv 

tion must not only be valuable, it must help to 
strengthen and bind together the work in other direc- 
tions. Finally, it must lead to good, vigorous, expressive 
language, which shall be distinctly colored if possible 
by the individuality of the child. When I have secured 
this, and not until then, have I done what may be reason- 
ably counted my duty, if I am to do nature work at all. '^ 
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20. The preceding chapter states the formal and 
definite aims which every teacher of nature study should 
keep distinctly in view, and the attainment of which we 
may reasonably expect in a fair degree from every good 

teacher of the subject. But there are other 
PoMiwmieB teachers, — teachers to whom teaching is more 
stud**'^ than an occupation, teachers to whom the 

school-room is an opportunity, and every 
child the object of an earnest desire on the part of 
the teacher.. These are the teachers whose hearts 
have been fiilled with the modem idea of social service; 
the teachers who feel that their work is part of the great 
work of making the world a better place in which men 
and women may live. To a teacher of this sort, nature 
study with its greater freedom of contact between the 
teacher and the pupil, with its great possibility of indi- 
viduality on the part of the pupil, offers a more than 
commonly good field for work, and it is to this teacher 
particularly that I wish to speak in this chapter. 

21. There are two very distinctive aspects of the life 
of every man or woman. One of these is the immediate 
practical side by which that man or woman makes his 
or her way in Ufe. This properly occupies a large pro- 
Cur Need portion of time and energy. The man is un- 
of Culture, fortunate who does not take a keen interest in 
his work; none the less, the truth remains that much 
of the enjoyment of life Ues outside of his daily round of 
existence. The modern man has come to know that if 

84 
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he is to work effectively, he must not be rigidly bound 
to his work. Recreation and vacation have become the 
essential parts of a natiu'al basis of man's existence; 
but this is only the case when he has come to realize 
that recreation is valuable, not in any sense for itself, 
but because it serves as a refreshing and strengthening 
for the work which is before hi'm. This recreation should 
quite as thoroughly be recreation of the mind as of the 
body, and the man's life lacks roundness who fails to 
give a reasonable part of his time to the intangible but 
no less desirable something which men call culture. 
After the ties of family life and of religion, there is 
nothing else that adds so much to the joy of Ufe as this 
same intangible culture. 

22. The form which culture may take will vary with 
different people. To one the literature of the past forms 
the great body of his recreative mental enjoyment. To 
live again the lives of men, to strengthen his life with 
their strength, or to guard his life from their weak- 
nesses, is to many a man one of the most potent The Value 
forces in his spiritual building. To another the ®' **^ ^'^ 
music of beautiful words is his grea'test enjoyment, and 
the Ufe that may have in it much of toil and strenuous 
endeavor may none the less have its moments of de- 
lightful peace with the singers of the past. To another, 
the charm of painting, with all its power to bring up 
beauty in the mind, will form the greatest source of 
intellectual delight. One who is privileged to see fre- 
quently the works of great masters, who has opportunity 
to saturate himself with their high ideals, finds in art the 
most potent factor in sweetening life. To rejoice in the 
gorgeous coloring of a Titian, or a Rubens, or a Turner; 
to discern the exquisite delicacy of a Meissonier, or of a 
Delacroix; to feel the quiet m3rstic power of a Hunt or a 
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Rossetti, — to vibrate under the influence of these mas- 
ters is to find for oneself one of the most potent forms 
which culture can take. To many to whom literature 
has comparatively few charms, and to whom the picture 
without a story has practically no meaning, music may 
appeal powerfully. Blessed is the mortal who has 
learned to feel the triple appeal of literature, art, and 
music. If he have a Ufe-work which demands his active 
energy and upon which he depends for a living, has a 
family with whom he can share his troubles and his joys, 
and adds to all of this a love of literature, a feeling for 
art, and a fondness for music, he has reached nearly the 
acme of human advancement. 

23. But all that this implies is almost of necessity. a 
closed book to a large proportion of the population of 
our country. The intensely rapid growth of our land in 
manufactures and in commerce has drawn to this coim- 
try an influx of people so enormous as to need our 
earnest and thoughtful care lest we should 
Rewhtoo foster in our midst the growth of an alien, 
1^^ submerged class, from whom the native popu- 
lation should be separated by a gap more than 
commonly diflScult to bridge. An aristocracy of blood 
is being constantly recruited of necessity. The barrier 
of wealth is never impassable, because wealth may 
come to any one. But when once our population be- 
comes so divided as to form itself into the cultured 
and the uncultured, into those to whom life shall be 
filled with meaning and to those to whom life is a con- 
tinual grind, the line of demarcation is a terrible barrier. 
The children of our great manufacturing neighborhoods 
can spend in school life only a very few years. Every 
effort of the teacher and town officer and factory in- 
spector must stand between them and an entrance into 
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gainful occupation long before their childish fgrms 
have taken their physical set. When we add to this the 
fact that a foreign tongue makes it absolutely necessary 
that much of the time should be spent in teaching them 
the merest rudiments of the EngUsh language, and in 
^ving them such small amount of power to compute as 
will serve the simplest practice of every-day life, it is 
easy to see that such knowledge of literature, such appre- 
ciation of pictures, such love of music, can scarcely be 
dreamed of. Adding to this the conditions imder which 
most of them must subsequently Uve, and the absence 
in many instances of all the faciUties for continuing 
such culture when once begun, we have a state of affairs 
which makes the possibility of developing such enjoy- 
ment in life almost hopeless except for the gifted few 
who always spring up in every social stratum. If 
culture is to come into these lives it must come by an 
entirely different path. 

24. Even for the more favored population of our 
rural communities, to whom the means of gratifying 
the taste for literature is by no means absent, the time 
^ven to school is often so short and so interrupted by 
the pressure of agricultural occupation that ^ 

there grows up in many people a lack of love may Foster 
for things which might, if once acquired, make ^^' 

their life almost ideal. The dweller on the farm who has 
learned to make the farm support him, has learned to 
find joy in a few good books, aud pleasure in a few well- 
chosen reproductions of good pictures, has attained a 
development which is almost denied to the great ma- 
jority of dwellers of the large cities. If we wish to see 
how the average dwellers of the cities miss all the culture 
which might be brought into their lives, it needs only 
that one should visit any of the great popular summer 
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resorts. It is to these that the solid back-bone of our 
population goes in the summer time. These people, 
who are absolutely free from want and yet who are 
dependent upon their daily labor for their support, 
form the basis of all that is most stable and valuable in 
our population. They do the work of the world, and 
from them, as from a perennial spring, rise the leaders 
who shall direct the course of events in our coimtry. 
But to see them crowd in hordes to our popular resorts 
and rejoice in the hurdy-gurdy, the merry-go-round and 
the flip-flop, is to realize how much of genuine pleasure, 
which they would really enjoy, and which would leave 
them better prepared for the work they have to do 
when a vacation closes, they might have if they would. 

So whether it be for the members of our foreign popu^ 
lation who begin Ufe, as a rule, desperately poor, for our 
nu*al population who fail to make the most of that which 
they might have, or for those people who, under the 
stimulus and excitement of crowds, live an artificial life, 
there is great need of that sort of quiet enjoyment in 
life which we have come to know imder the general 
name of culture. It seems to me that there is too little 
time to accomplish much in literature, music, or art, not 
so much because the elements of these might not be in- 
troduced, as that there is in the subsequent lives of 
these people too httle opportunity for continuing the 
work begun in school. And yet we may gain new hope 
from the careful study of nature. The child who, dur- 
ing the few years that he has been in school, has been 
meeting constantly in his work the objects in nature 
round about him; who has made them the subject of 
frequent study; who has gathered around each object a 
distinct body of information which is of interest to him, 
cannot fail, if he have been rightly led, to see nature with 
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a new and keen eye. From her, excepting in the heart 
of our great cities, he never can escape. She is about 
him always. His toil may, and his leisure must, bring 
him face to face with the rocks and trees, the birds and 
insects, the flowers and the fruits, the clouds and the 
rain, the moon and the stars; from their presence he can- 
not escape if he would. Books he may lack the means 
or disposition to buy; good pictures he may never see; 
music, beyond that of ragtime, may make little appeal 
to him; but the landscape is ever with him, and if he 
have learned in his early life to know and love, to take 
interest in, and to care for, his surroundings, then he 
will have a source of possible culture that will stay with 
him, without undue effort and without cost, for the rest 
of his Ufe. That acquaintance with nature, a sympa- 
thetic acquaintance at least, makes for culture no one 
can doubt who has in the circle of his acquaintance any 
genuine nature lover. 

25. It is certainly a worthy hope that at some time 
or other all the children of our beloved Republic shall 
have planted in their breasts such a love Mature w 
of the land in which they live, such an appre- Open to 
elation of the beauty of the world in which God * ^'' 
has placed them, such an intense sympathy with the 
land of their birth or of their adoption, as will help to 
brighten and cheer lives which the daily round of heavy 
labor, and the absence of large pecimiary returns are 
likely to render, in the majority of cases, peculiarly 
barren. 

26. Beautiful, however, as is the effect of culture upon 
life, it is a strange fact that somehow culture does not 
necessarily make for character. It is quite possible to 
find men whose lives are saturated with culture, and 
yet who are absolutely without force. High culture 
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ought not to be incompatible with strong character. 
But the two are so often disassociated as to make it 
seem likely that, imder the average human conditions, 
an excessive attention to either one is apt to 
Value of result in a distinct deficiency in the other. In 
*"' this respect, nature is a form of culture which 
has a distinct advantage. Mr. Huxley has taught us 
that three things are clearly necessary to the attainment 
of what is known as the scientific habit. The good 
scientist must observe clearly, describe accurately, and 
infer justly. Nothing could be more conducive to the 
formation of good character than a continuous practice 
in these matters. Of course, these three scientific re- 
quirements can be held to only in their absolute and 
full meaning in the laboratory, and with pupils of 
reasonably matured minds. But the pupil of any age 
may be taught to keep his eyes wide open, and to tell 
only what he sees, and he need not be very old before 
he can begin to make reasonable inferences from what 
he has seen. 

The whole trend of modem practical psychology as 
it touches the subject of the will, insists that the build- 
ing up of character is the result of the great sum of the 
daily activities of life. No amount of good precept 
produces any lasting effect imless there shall be constant 
occasion for the exercise in the ordinary avenues of life, 
of the virtues inculcated. And so it is that much better 
than lessons on truthfulness is the constant habit of 
conscious attention to telling the truth in the great 
body of small matters in which there is no practical 
temptation to tell anything else. The child who is 
careful to state the exact number of stamens in the 
flower, the number of joints in the leg of a beetle, the 
hour of the day, the position of the thermometer, and 
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any other fact which admits of accurate statement, is 
cultivating in himself a practice of truth which will 
not be likely to fail him when the temptation arises from 
self interest to state something else. Equally sure is it 
that the child who is constantly permitted to make 
slip-shod statements concerning all the little matters in 
which the information is really indifferent, is at the same 
time being prepared to have no practical regard for 
accuracy of statements in the great affairs of life. The 
teacher who has come to the consciousness that he is 
teaching, not subjects, but boys and girls, and that the 
choicest product of his work is not information but 
character, will find in the nature work material which 
he can enthusiastically use for the upbuilding of moral 
force in his pupils. And so it is that nature study may 
serve in the hands of the really strong teacher not 
only to make for culture in the life of the pupil, but to 
do that more important thing, to uplift the moral life. 
27. The faithful teacher, to whom his work is a voca- 
tion, may find in nature one more avenue for magnifi- 
cent influence upon the Ufe of the pupil. The spirit of 
investigation which the scientist has turned loose upo^ 
the world, has within the last fiifty years been 
advanced in every conceivable direction. Grad- Disdoees 
ually searchers after truth have learned that 
the method of the scientist is available in the search 
for truth of all forms. The time has come when the 
Bible, which has so long stood in a place by itself, has 
had turned upon it the searchlight of modern scientific 
investigation. The result was, at first, to those who 
love the ancient doctrines, disconcerting, if not bewilder- 
ing. The very foundations of our faith seemed rocking 
and liable to be knocked from under our feet. Of 
course, it was a mistake. No truth can hurt What 
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was disturbed was not the revelation of God, but the 
form which the revelation had taken in the minds of 
men in the course of the centuries. There is no danger 
and there need be no fear that the Bible can suffer from 
earnest, zealous investigation. But it would be idle to 
blind ourselves to the fact that many of our old concep- 
tions are being rudely shaken, and that many of our 
ancient beliefs are to be forever shattered. To those of 
us who have faith in God, and in methods of investiga- 
tion, there is no fear but that the outcome will be a 
higher . conception of God and a clearer reverence for 
investigation. But meanwhile the intermediate stages 
are most imsettling to many minds, and there is in 
many quarters a fear that reverence for the Bible and a 
belief in its power to lead into the higher Ufe are passing 
away. During this period of imrest, everything that 
makes for the higher Ufe is of infinite value. 

We have had three very distinct stages in our belief 
as to the relation between God and His creation. The 
primitive beUef based on the literal acceptance of the 
early chapters of the book of Genesis, has for ages 
seemed to teach men that at one definite time and with 
a clear and precise plan, the Creator, acting much as 
men would have acted, set down upon the earth, in full 
form, the creatures which were to inhabit it. What 
there was of deepest value in this idea, men have always 
derived from it, and now still derive: that there is a 
Creator of the universe; that He is interested in His 
creation; that He loves and cares for it. Then came, 
in the latter half of the past century, an abiding sense 
of the existence of law, linking event to event and cause 
with effect; never content with an effect until men had 
found its cause, and always confident that a cause ade- 
quate to the effect was there, even though it had not 
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been found. Science taught that time was inconceiv- 
ably long and the earth extremely old, that creatures 
other than those now inhabiting the earth have run 
their course and have passed away, their places being 
taken, not by a new creation, but by their own trans- 
formed descendants. Earnest religious men, who were 
saturated with a behef that no interpretation of God's 
revelation was possible excepting that of a direct crea- 
tion, shuddered at the new belief and felt that the 
powers of darkness were battUng with the Ught. In the 
minds of multitudes of great scientists there sprang up a 
hostiUty to reUgion which in real truth was not after all 
a hostiUty to reUgion but only hostility to the form 
which religion then took. Under these circumstances 
there arose a school of so-called materiahsts to whom 
the earth was a great complex, self-contained and self- 
determined, relentlessly grinding out its own future. 
But materialism died with the last century. The great 
scientists of the new century are to a very large degree 
intense spirituahsts. God in now recognized in His 
universe as never before. No longer is He the Creator 
who in the distant past created a world from which He 
now stands aloof, excepting as He sees it to need His 
interference. Now God is everywhere; now God is in 
everything. Whatsoever things are beautiful, whatso- 
ever things are true, whatsoever things are of good re- 
port, these all are saturated with divinity. Man is no 
longer, in his outward form, the image of his maker; 
but in every good impulse, every righteous longing, 
every earnest endeavor, shines forth the indwelling God. 
God is no longer simply the ruler over the world; God is 
everywhere in the world. 

" Earth's crammed with Heaven 
And every common bush afire with God; 
But only he who knows takes off his shoes." 
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28. In many parts of our country the religious con- 
ditions make it impossible that the Bible or religion as 
such should be spoken of in the school. A variety of 
Where the ^®^6i^^s beliefs, every one of which must com- 
Bibieia maud our entire respect, will, in many sec- 
tions having a mixed population, make relig- 
ious exercises entirely inadmissable. But the teacher 
who is himself filled with holy zeal, who has himself 
learned to find in nature the temple of the Uving God, 
can without offence to Catholic or Protestant, to Jew or 
Gentile, bring his pupils into the temple and make them 
feel the presence there of the great immanent God. 

29. Many there are who will say that the three pur- 
poses which are held before the teacher in this chapter 
are intangible and illusory; that they may be full of 
Three pious aspiration but that they lack practica- 
High Aima. ^iiity. But there will be a body, perhaps 
small, but made up of intensely effective teachers, 
to whom every aim I have mentioned will appeal. 
They will feel these purposes, — the enrichment of Ufe, 
the establishment of firm character and a reverent 
attitude towards the great Power about us, — ^are the 
highest attainments which school life can bring. Such 
teachers will agree that the study of nature can serve 
as a powerful aid to the accomplishment of these aims 
without sacrificing one minute of the -time or of the 
effort which should go to the practical realization of the 
ordinary aims of school life. 



IV 

THE TEACHER'S PREPARATION 

30. The greatest obstacle to the prompt introduc- 
tion of nature study into our schools lies in the lack 
of preparation on the part of the teachers. Very few of 
them, indeed, have had preparation directly intended to 
assist them in doing this work, and if we have -, ,, , ^ 

. . , - Self-teach- 

to wait until our teachers have, as a body, in^is 

been instructed in the pedagogy of nature 
study, the time would probably never come when this 
subject would find its place in our curriculum. But 
nature study is not a new subject; it is simply a new 
aspect of old subjects, a new spirit breathed into old 
work; not necessarily even with a place in the program, 
and certainly not usurping the place of anything else. 
Therefore, preparation on the part of the teacher con- 
sists not so much in learning new principles, and new 
facts, as in appl3dng old principles and old facts in a new 
direction. The zealous teacher who really wishes to do 
nature-study work, while he of course would derive 
advantage from a course on this subject, whether taken 
at the normal school, a summer school, a Chautauqua, 
or a university, need not despair if none of these oppor- 
tunities be open to him. It is quite possible for him, 
under the care and guidance of a reasonably good book, 
to make of himself gradually a good student of nature; 
and a good teacher of nature study can find much of 
joy and much of health while the process is going on. 
If the teacher have studied both botany and zoology, 
he has a splendid foundation for the work. If to this 

45 



46 THE STUDY OF NATURE 

he have added a course in geography or physiography he 
has a still better equipment. Best of all will it be if he 
have such mastery of them that he can think them in 
his own language, forgetful at such times absolutely 
of the technical science, and yet able to use these terms 
whenever, for purposes for his own information, he 
desires to consult the more technical authority. With 
such a basis as this, the teacher has everything to hope 
and nothing to fear. 

Now let the teacher step out into the open air and 
realize that as soon as he is there he is face to face with 
nature. He will not need to take a two-mile walk in 
order that at the end of it he may find nature. She 
greets him as soon as he goes out of doors, and the tree 
in front of the house, the grass about the step, is already 
a fruitful field. If he were to go no farther, he would 
find here abundant material. It will not be hard for 
him to find out what sort of tree it is which grows before 
his door, and I know no better place for the student- 
teacher to begin than by knowing the name of every 
kind of tree that grows between his home and the school. 
This is a matter so easy of attainment, providing one has 
the proper reference books, that there is no excuse for 
not knowing it if one wishes to do so. Even though 
one may not have access to such a book, there is usually 
in every locaUty somebody who knows the trees well 
enough to give him the names of those most common. 

It would be more than could be expected of most 
nature students that the teacher should know the grasses 
as he knows the trees, though a few of the commoner 
grasses might easily be learned. But it takes very Uttle 
observation to see that the grass growing in one place is 
by no means the grass growing in another location. 
Very little grass grows under the trees, and such as does 
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grow there is ordinarily quite different from that which 
grows in the open sun. Why have we come to plant 
grass on our lawns? What is there about grass that 
makes it desirable for lawns? Why is it that constant 
mowing the grass improves rather than injures a lawn? 
All these are questions which the inquiring student 
may very naturally and properly ask himself and hope 
that an answer will be eventually forthcoming. If he 
can answer the question to himself with what seems to 
him a reasonable and convincing answer, he will prob- 
ably remember it longer and make it a more connected 
part of his mental furniture than if he had gotten it 
from the pages of a text-book in botany. 

31. I have dwelt upon these problems just outside of 
the door because I want the student of nature to feel 
how absolutely he is face to face with his problem all 
the time. He must from the first dismiss from his 
mind the idea that he must go far for the rare 
and curious. Accordingly the teacher who is qJ^^^^ 
trying to prepare himself for this work should, the Best, 
when he takes his daily walk, give a reasonable 
and definite part of the time to nature study. He 
should endeavor to open his mind purposely to as wide 
a range of objects as he possibly can. Let him not say 
to himself, there goes a bird, but there goes a robin, 
there goes an English sparrow, a catbird, a bluebird. 
Let him ask himself, **What is that note?" Let him 
not be content that it is the song of a bird, but let him 
slacken his pace and watch as well as Usten. Soon he 
sees the bird and assures himself that it is the source of 
the song. Then let him if he can fasten both bird and 
note in his mind. Or let him pick a flower and look 
into its face. It is not enough for him to say, ''This 
is ground ivy ; " he wants to see in its color the invitation 
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to the insect visitor, he wants to see in the lines on the 
corolla the guides which tell the insect how it is to go 
about getting the nectar. The hairs that perhaps fill 
the throat of the corolla must speak to him of the un- 
welcome ant whose visit is an intrusion, or of a drop of 
water which must be kept from getting at the pollen. 
It is observations such as these, observations which are 
connected with the actual life of an animal or plant 
and not simply with the variations in form and marking 
which may be used to distinguish the plant when one is 
seeking its Latin name, that should excite the attention 
and engage the interest of the observer. Let him get 
into the habit of picking up almost an3rthing he finds 
and looking at it until he has made it yield him at least 
something of information and of interest. It can scarcely 
happen that he shall find any object, however unpromis- 
ing it may first appear, that will not, when reasonably 
examined, espedally if he use a hand lens, yield him 
many a little point of decided interest, a point all the 
more interesting because it had never been mentioned 
to him, and came to him with all the pleasure of an 
original observation. 

32. Of coiu^e, such a student will keep a note-book, 
and if he have any zeal in the matter he will see to it that 
every day yields him certainly one good, tersely de- 
scribed; nature observation. The student should, from 
^^ the first, supplement his descriptions with 

student's frequent sketch drawings. One day it may be 
the wing of a fly which he draws. If so, the 
veins will not only be present but will be correct both 
in number and direction. The next day it may be the 
leaf of the red clover, and if so, every leaflet will have the 
proper size and positi(Mi. If he be drawing a leaf, the 
veins will run distinctly in the right direction, and the 
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margih will conform closely to the actual margin of the 
leaf. It will not only have teeth on the edge but the 
teeth will be of the right size and will point in the right 
direction. They will be related to the veins in such way 
as to help the observer to see how it happens the teeth 
are there. Many of the things here written down will 
be Uttle worth recording, just as many of the problems 
the pupil solves in learning arithmetic have no perma- 
nent value of themselves. None the less, the habit of 
observing clearly, of describing accurately, and of inferr- 
ing justly, is growing up in his mind, and it is this habit, 
and this only, which will make his work command the 
respect of people who know. 

33. But while the teacher who is at the same time a 
student is teaching himself clearly to see things out of 
doors, he should not deny himself the congenial com- 
pany of those men who have lived near to the heart of 
nature and have learned her language. These chosen 
spirits should be his frequent companions, and rpj^^^,^^ ^ 
in conversing with them he will take a delight a Guide 
deeper than any one can know who is not him- * ^^' 
self a student of nature. After an hour of observation 
in the field, to come home and sit by the fireside with 
Thoreau or with Burroughs is to find a congenial com- 
panion in whose society the nature lover will find con- 
stant inspiration and guidance. Never has America 
produced a soul more keenly sensitive to every influence 
in nature than was Thoreau. Nothing escaped his eye; 
every little change in the landscape spoke to him, every 
little sign of animal, whether footprint or feather, told 
him its simple story. He himself had a nature strongly 
individual, and every description he has given is mark- 
edly tinged with his own personality. Accordingly, it is 
not so much as a record of fact that nature lovers are 
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fond of the writingB of Thoreau. It is for his wonderful 
personality that we love him most. We long not to be 
like him, not to see the things that he saw, but to react 
as sympathetically to our environment as he reacted to 
his. If our descriptions, without losing truth to nature, 
could be as thoroughly colored by our own personality 
as are his descriptions by his own, then we have attained 
the combination of the culture gained from nature and 
that gained from literature which is the most beanitiful 
result of nature love. 

34. But while Thoreau tells us how we should bear 
ourselves with reference to nature, it is Burroughs who 
tells us just what he has seen. The reader who takes 
up Burroughs for the first time, xmless he be a reader of 
considerable experience, is Ukely to be disappointed. 

He seems so simple, so free from all effort, 

Mr Bur 

rough's ' that one scarcely realizes the amount of work 
T^thfui- j^jj^j Qf Q^j.Q hg t^ag pu^ jjj^Q ijjg writing. But if 

one will read a page from Burroughs and then 
pick up his own note-book, and read from it, he will not 
be long in recognizing the beauty and clearness of Bur- 
rough's description. Thoreau is a stained-glass window 
through which we may see nature and see her as a 
charming picture, but we can never lose sight of Thoreau. 
With Burroughs we are looking through a window of 
plate glass and we forget completely the window, which 
is warding off the raw and blustering air but giving us 
the winter landscape in all its crisp beauty. 

35. There is one other side of the spirit of the work 
which we must not miss if we are to keep in touch with 
the times, and yet for which we have no adequate guide 
in our own country. The great doctrine of evolution, 
which has transformed the whole aspect of modern 
study of animals and plants, should form part of the 
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furniture of any zealous observer. It is the key which 
unlocks so many mysteries, that no student who is 
interested in the reasons for things can possibly afford 
to be ignorant of it. Darwin's great book on the " Ori- 
gin of Species" is too long and too detailed to interest 
the average teacher, and he must see evolution face to 
face at closer range if he is to appreciate its meaning. 
For this purpose I know no writer who approaches 
Grant Allen in the interest and clearness of ^ ^ 

Grant 

his style. Unfortimately, Grant Allen is an Aiien'aSug- 
EngUsh writer, and he refers to objects by '•^^™**"- 
their English names, and consequently we do not 
always recognize what it is of which he is speal^ing. 
But any teacher who will carefully read ''Flowers and 
Their Pedigrees," or CoUn Clout's "Calendar," is very 
likely to find evolution take on a new meaning to him 
and to see traces of this great process everywhere about 
us. These books which I have mentioned are the books 
not of information but of the spirit. From them we do 
not gather knowledge half so much as we gather inspira- 
tion and discipline. 

36. Mention was incidentally made a few paragraphs 
earlier of a hand lens. There are few things that will 
add so much to the student's advancement in nature 
study as the use of a hand magnifier. No matter how 
simple this lens may be, and no matter how _ „ , 
inexpensive, the student cannot fail to denve of a Hand 
advantage from its use. But it would be as °** 

well for the teacher to own from the first a reason- 
ably good magnifying-glass. To my mind there is 
nothing better than the one-inch doublet which is made 
by Bausch and Lomb, and which may be purchased 
from any dealer in scientific school suppUes for a 
dollar. In using any strange lens the object to be 
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examined should be held at the ordinary reading dis- 
tance from the eye. The lens should be placed nearly 
in contact with it and then slowly drawn towards the 
eye until the object becomes clear, the object, mean- 
while, being kept stationary. The microscope is an 
exceedingly valuable instrument when properly used on 
appropriately prepared objects. Modern scientists would 
be absolutely lost without it. But it is very easy for one 
not trained in its use to over-estimate its value in ordin- 
ary observation. I feel quite confident that the gen- 
eral observer will find a greater value accruing to him 
from the use of the hand lens than could possibly come 
from the use of the more complicated instrument. The 
student who has only a vague longing for a microscope 
may well content himself to delay for a long time its 
purchase, firm in the confidence that while it may jdeld 
him much of value, it will be more than likely to lead 
him away from lines which will be useful to him in ele- 
mentary school work. So the student who is to be a 
teacher of young pupils had better put his money into a 
doublet magnifier and any surplus had better go into 
books. 

37. In speaking earUer of the sort of books the nature 
student should read, mention has been made only of 
such authdrs as would imbue the student with the aims 
and purposes of a nature lover. These he may read 

and re-read; he can never become too fully 
Stwe^***** saturated with them; but they give him only 
Teacbera ^^® spirit and he must have access to books 

which give him the information which he will 
naturally seek in connection with his out-door work. 
He needs to know what birds he may expect to find, 
and then he will be on the lookout for them. He needs 
to have some means of determining what is the name of 
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the bird which he has seen. He needs to know the name, 
and perhaps the relationship, of the flower or the tree 
which he has met in his walk. A new insect has fallen 
into his net, a new burr has come back with him from 
the woods, and these he would like to know. It is, of 
course, impossible for any one teacher in an elementary 
school, especially a rural school, to keep about him 
authoritative books on all these subjects. So it is 
always wise if he will cooperate with his fellow teachers. 
If they will come to an agreement that each of them will 
take one particular field of study for his own, so much 
the better. Let one of the group decide that he will 
know the birds, and will help the group to know them. 
Let another decide that all the trees of the neighbor- 
hood must be his friends. Still a third may decide to 
keep march with the seasons by knowing each flower as 
it blooms. A fourth may reasonably hope within a 
single season to become acquainted with the ferns that 
grow in the locality. Still another member of this 
possible group will turn his eye to the stars. A glance 
from his window at night shows him hosts of familiar 
friends. In summer he sees the Swan float down the 
Milky Way. In winter, Orion brandishes his club in 
the face of the threatening Bull. The moon's place in 
the heavens he notices as she makes her progress along 
the zodiac, while the planets live true to their name in 
his eye by changing their position night by night among 
the stars. It requires a comparatively short time for 
the earnest student to be something of an authority on 
one subject in his neighborhood, and when a teacher is 
known to be well acquainted with trees, or flowers, 
with insects, or birds, people in the neighborhood turn 
naturally to him whenever what seems a strange speci- 
men falls into their hands. 
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38. Whether or not he make a personal collection, 
the teacher should certainly gather, and have his pupils 
gather, large amounts of material for the school. The 
closet, the attic, or the basement must have a place in 
which to store this material in orderly fashion. If pos- 
sible, boxes of uniform size, that will stand well in 
^^ orderly rows, should hold this duplicate ma- 

storingof terial which is to go into the hands of the 
****'*™*^' pupils. Every box should have marked on its 
end clearly the name of the objects which it contains. 
I find empty chalk-boxes to be exceedingly convenient 
for such purposes as these. One of them may contain 
pieces sawed from the limb of a tree and smoothed with 
a plane to show the rings of annual growth; another 
may have the seed capsules of the velvet leaf or of any 
other of our plants; while still another may hold pebbles 
worn by the action of the water. These boxes should 
be piled after some scheme of classification so that it is 
easy to find the particular box wanted at a moment's 
notice. 
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39. A GOOD teacher, who is fond of nature, once said 
to a companion who was trying to do nature work, and 
who complained of a lack of material, ''Sweep your 
room and look at the dust." His meaning was plain. 
There is practically no material which will not yield 
interesting lessons if handled in the right way by a 
person full of enthusiasm and thoroughly ac- Attrao- 
quainted with his subject. But there are few tiveMate- 
teachers who can fill themselves with enthu- ** *' 
siasm concerning dust, and fewer still who would 
recognize under a ntiagnifying glass the miscellaneous 
assortment of objects which will turn up in what 
we commonly call dust. For the ordinary teacher 
there must be something of definite interest in the sub- 
ject itself, or the lesson will be entirely perfunctory 
and the class without interest. Accordingly, the wise 
teacher will be careful to select, at least in the early 
portion of the work, objects in which the pupils will be 
interested so soon as they are brought face to face with 
them. It would be going too far to suggest that a 
teacher should never present a subject which does not 
produce immediate excitement among the pupils, and 
should lay aside the subject so soon as the excitement 
had abated. None the less, one of the first essentials of 
good teaching lies in securing the interest of the pupil, 
and the teacher's time should be very largely spent not 
so much in interesting the pupils as in cultivating in the 
pupils a many-sided interest; that is, in broadening and 
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deepening the interest of the pupils, and in teaching 
them to Unger longer and to delve deeper into each par- 
ticular subject on which they dwell. 

40. The first lesson in nature study, while it is a 
novelty in the hands of the teacher as well as in the 
minds of the pupils, must be based on some subject 
which of itself attracts interest. It is this early lesson 
which will do much to decide how soon nature 
ti^MaS^ study shall be an interesting and effective part 
jjjj^™** of the school work. We must take care, too, 
that the first lessons are not given on sub- 
jects for which there is repugnance on the part of 
the pupils. The teacher must not start the lesson by 
bringing a snake into the school? There is no question, 
whatever, that at the proper time and place the snake 
will be exceedingly interesting. It is the victim of so 
distinct a prejudice that it is a merit on the part of the 
teacher simply to remove this prejudice; and if one's 
horror of a snake has gone and one has learned the two 
dangerous snakes to avoid, it is easy for one to realize 
the real beauty of the snake and to understand that, 
even from the standpoint of the farmer, the snake has a 
right to live. Of course in his own right he has the same 
claim to Uve out his days undisturbed by man as has 
every animal that does not distinctly militate against 
the success of the human race. Not quite so bad is the 
introduction of the toad. This little creature, which 
late in the coiu'se will form one of the very best materials 
for study, is altogether out of place in the early lessons, 
when his presence is enough to bring a shudder to many 
a child who is the victim of ignorance on the part of 
his elders, and who has come to regard the toad as an 
horrible object whose handUng is attended with the for- 
mation of warts. 
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41. It will be found that, especially for the early 
work, plants are likely to answer better than animals. 
There is practically no repugnance on the part of most 
people to any plants which are Ukely to be used for 
this purpose. The flowers of the spring and pj^^ 
summer, the fruits of fall and winter, are so Eareiy 
charming and attractive that they can be 

easily and readily used. Then, too, less harm comes 
from their abuse. While it is perfectly true that pupils 
must learn not to ruthlessly weed out our flowers, it is 
none the less true that to do so brings less harm to the 
child than the wanton destruction of animal Ufe no 
matter how low in the scale. Yet be it said that the 
objection to cruelty to animals on the part of children 
is valid not so much on account of the harm done to the 
animal as to the eflFect upon the children themselves. 

42. Suppose it is decided that an animal shall be the 
subject for study and this animal shall be taken into the 
school-room. There will always be in the class a portion 
of sensitive children to whom the very thought of an 
animal in captivity is a pain, and this can be made a 
means for moving an entire class into a care .j^^q^^ 
for dumb creatures. The animal should have Owreof Live 
abimdant room in the enclosure and condi- ^^^' 
tions approaching those which he had out of doors. 
The study of these conditions, the arrangement of the 
enclosure to meet such conditions, is one of the most 
profitable forms of nature work that can be pven to 
children. A mere enclosure is all the teacher need fur- 
nish. The surroundings of the animal in the enclosure 
and the food he should eat should largely be questions 
for the decision of the pupils. There used to be a very 
considerable infusion of mineralogy into the early work 
of the schools^ but it is doubtful whether much of it is 
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useful. I do not believe pupils below the eighth grade 
have any occasion to know or care for quartz, feldspar, 
mica, and homblend, or to know granite and gneiss, 
and syenite, as the result of their combination. But 
any grade of pupils may be interested in a lesson on 
coal, particularly the sort which is commonly used in 
their neighborhood whether it be soft or hard; in slate, 
if the roofs in their neighborhood are made of slate; in 
pebbles, that show the action of water; in limestone, 
if limestone is common to the neighborhood, and in the 
main kinds of building stone which are used in the con- 
struction of the buildings about them. But this ac- 
quaintance with these materials need not go into the 
question of their mineral constituents. 

43. There is another side of nature of which chil- 
dren might well be taught to know more. It will be 
found interesting from the first and will be a delight in 
later life, if when they hft their eyes to the starry 

heavens on a clear night, certain of the great 
a^^h groups of stars whose configuration changes 
HMivena. ®® slowly that hundreds of years make no 

diflFerence to the naked eye, should be familiar 
acquaintances. Every child should know the Dipper, 
and know also the other group which shows best when 
the Dipper shows least, the Lady of the Chair. And the 
crisp winter sky ought always to show his familiar 
friends, at least, the magnificient Orion and the Seven 
Sisters, together with the splendid Sirius in the head of 
the Dog. Such objects as have been mentioned here 
will be suggestive to the teacher and long before they 
have been exhausted he will find for himself what he 
may readily choose from the objects round about him; 
will find what things will yield him success and his 
pupils the best results. 
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44. A friend of mine once wandered into the class of 
the general editor of this series. The teacher was giving 
to a group who were studying pedagogy under him, 
directions for the first steps in the teaching of some sub- 
ject or other, I no longer remember what. After he 
had described all the details of the work they ., ^^^^^ ^^ 
were to do, and had finished his instructions First vision 
on the subject, he looked up with that look on *'"°^* 
his face that so many of us have learned to love, 
and said, "But whatever you do, see to it that you 
make the child's first vision glorious." In no other 
subject is this more possible or more desirable than in 
nature study. Remember that it is not so much infor- 
mation which we are after as an attitude, not so much 
knowledge as spirit. Everything that is done must link 
itself with human Ufe and must be filled with human 
interest. Some people worry at times because the 
nature teacher makes a flower speak, and say it is folly 
to teach such things; but if only in personifying a 
flower we see to it that what the flower is made to say is 
what the flower really says inarticulately, then we need 
not fear lest we should give to children a wrong impres- 
sion. Most of the criticism which has been aimed at 
nature study has come from the scientist who fears 
that the work is fragmentary and puerile. The truth of 
the matter is that the child's mind is fragmentary and 
that there can be no such thing with children of the age 
of those who commonly take nature study as work which 
a scientist would by any possibility consider thorough. 
We must remember Bailey's maxim and think in nature 
study more constantly of the child than we do of the 
subject which we are teaching. No matter how desir- 
able information may be, it is absolutely useless to try 
to give it to children who are not ready for it. 



VI 

THE WORK IN THE SCHOOL-ROOM 

45. There are comparatively few schools in which 
there is any definite place upon the program for work 
in nature study. With few exceptions such work is 
scheduled, if scheduled at all, for a Friday afternoon. 
Accordingly, in such a program it never comes to be 

an}rthing except a pleasant entertainment, 
uied Time l^^s is perhaps better than that it should find 
Study!***" no place at all in the school work; but, I am 

quite convinced, when we reach our ideal pro- 
gram there will be no period for nature study foimd 
upon the schedule. Already the country is crying out 
against the crowded condition of the curriculum. Any 
attempt at alteration must consist in cutting out rather 
than adding, in simplifying rather than in further dis- 
tention. And so it is that nature study, if it is to find 
a place at all, must succeed in doing so without displac- 
ing anything, and without adding any to the time spent 
in the work. To the inexperienced teacher this would 
seem to be an impossibility, and yet I am sure that 
while I do not underestimate the value of nature study, 
if I were empowered to make the course of study for a 
school system and had under me a corps of enthuaastic 
teachers who would be willing under my guidance to do 
whatever I should direct, I would have in the course 
no place assigned to nature study. In other words, 
nature study when it once comes into the schools 
will not be a new thing, but amply a new form of 
doing an old thing. It will not be a new branch; 
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it ^U simply be a new phase of many of the old 
branches. 

46. In the first place, nature study will cast its influ- 
ence over the drawing lesson. Every progressive school 
to-day does a certain amount of drawing. All good 
drawing is from the object; nothing else is worth while. 
What more natural than that the teacher 
should choose, as models for his drawing les- study and 
sons, the objects which he intends to use as ^^^'^*^- 
the subjects for the nature-study lessons that week? 
The first requisite of good nature -study work is 
close and careful observation. The first necessity of 
good work in drawing is close and careful observation. 
What more natural than that the teacher should com- 
bine these two? He need not write upon the program 
that the 2:25 period is a period for drawing and nature 
study; it is simply his drawing period, but upon that 
particular day it is also his period for nature study. 
It takes no more time than if he were giving the pupils 
a book or a chair or a peach-basket to draw, only the 
teacher has decided that the subject for this week's 
work in nature study is to be, let us say, an apple. 
When the time for drawing comes, perhaps on Monday 
afternoon, the object which the children draw is an 
apple. If to the outUne of the fruit the pupil will first 
add whatever markings may be on the apple, and then 
perhaps follow it with color, even though this color can 
be applied only with crayons, the first step towards 
good nature-study work will have been taken. That is 
to say, every pupil will have had occasion and oppor- 
tunity to look carefully at the exterior of an apple, and 
nothing else evidences so clearly the fact that the pupil 
has carefully examined the apple as his power to cor- 
rectly reproduce it by drawing. Thus Monday's nature- 
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study lesson has taken no time out of the regular pro- 
gram, has added nothing to the work for the teacher, 
has displaced nothing, and yet has been' well done. 
When Tuesday comes, the drawing lesson may go to 
some subject connected with other work. Tonday the 
Nature drawing lesson is not a nature-study lesson, 
study and The language lesson comes now to take up 
^^^°*''***** this burden. Supposing upon that day the 
object is to show the use of the adjective. Each ques- 
tion is so directed by the teacher as to require the use of 
an adjective in describing some feature of the apple, 
and thus once more the work of the school goes on; work 
is done which everybody knows to be necessary and 
desirable; work in the use of the EngUsh language, 
which nothing should be allowed to displace. And, 
once more, we have had oxu* nature-study lesson. Per- 
haps it is the compound sentence which is to be worked 
over at this particular time. Every question that the 
teacher asks should be so constructed as to draw forth 
from the pupil not only a compoimd sentence, but in- 
formation which the pupil has gained, or can think out, 
concerning the apple. The sentence will be better, 
more vital, more individual, when the pupil makes it 
in response to a question for definite information, than 
when it is simply a made-up sentence, the subject mat- 
ter of which has no necessary relation to anything 
whatever, but only happens to pop into the pupil's 
mind. So Tuesday has seen another successful lesson 
on the apple without the loss of a minute of time from 
any subject and without the loss of a single aim that 
would have been secured if the nature-study lesson had 
not been brought forward. On Wednesday, perhaps, 
a class in drawing once more attacks the problem of 
the apple. Each pupil should have in front of him the 
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half of an apple cut from stem to star, and the half of 
another apple cut crosswise. To the drawing teacher 
this new lesson is simply progress from the drawing of a 
sphere to the drawing of a hemisphere, but to the nature- 
study teacher it is far more. The structure of the 
apple shines out from the cut surface, and the child 
who must draw what he sees on this cut surface cannot 
come away from this lesson without a new idea of the 
apple. 

47. I would Uke to speak of the two sorts of drawing. 
The teacher of art usually recommends the use of the 
blunt pencil and broad lines, for to the teacher of art 
it is the distribution of Ught and shade which is the 
most interesting part of the problem. With this sort 
or drawing I have no quarrel whatever. Those Reooid 
who know far more about art than I do are i^^«^™«»- 
agreed that it is the best form of line for children's 
work, and I would not for a minute wish to run coimter 
to the well accepted rules of drawing for elementary 
pupils. But I think it will be quite possible to dis- 
tinguish between making ''pictures'' and making 
"record drawings." A picture is primarily intended 
for beauty of effect, and record drawing is intended to 
be the graphic statement of structure. For this purpose 
the pupil should use a sharply pointed pencil and should 
only draw actual structural lines. Light and shade 
may be omitted from these drawings, and only such lines 
be produced as correspond to definite Unes in the struc- 
ture of the object. I think this plan will not conflict 
with the work in drawing, providing we make it clear 
that this is the day for "record" drawing, and the chil- 
dren will without diflSculty, I believe, use this form of 
drawing when they are making record work. 

48. Thursday has come, and to-day, perhaps, the 
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geography class may be combined with the nature- 
study lesson. If the lesson happens to be a general one 
on the United States, then the question may be started 

as to where the apple grows. Perhaps a little 
study and questioning from the grocer may help in the 
^**" solution of the problem. Once having started 
in placing the apple in its proper locality, the transi- 
tion is easy to studying the distribution of the great 
fruit areas of the country. It will not be long before 
the pupils have reaUzed that the apple, the peach, the 
orange and the banana will illustrate, as well as any 
other natural product, the dependence of our vegeta- 
tion upon climate. In this connection the transporta- 
tion of these productions will be of great interest. Again 
no time has been lost; again every assigned duty has 
been provided for; and again nature study has found 
its place. 

49. With Friday afternoon comes the sense over the 
school-room of the close of the week. Perhaps even 
over the teacher comes a natural tendency to slacken 
up the afternoon work. Nothing will coimteract this 
more thoroughly than to throw into this session work 
that shall be somewhat out of the ordinary and possess 

more than common interest. Now is the 
^SSuning teacher's opportimity to bring in his contri- 
We^.**^** bution to the richness of the nature-study 

lesson. He himself may tell a new and inter- 
esting fact. He may have directed some older pupil to 
prepare a paper. He may have secured the cooperation 
of some good fruit-grower of the neighborhood, who 
will tell what will interest the pupils. It will undoubt- 
edly have happened in the course of this study that 
more than one apple has been cut in two out of which 

It excited the interest of 
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the children and questions were asked concerning it, 
but the teacher staved these off at the time. Now 
is the opportunity to tell of the codling moth that came 
while the apple blossoms were on the tree and laid her 
eggs inside their dainty corollas. From one of these 
eggs soon emerged a caterpillar which promptly ate its 
way into the core of the apple and the opening by which 
it entered soon grew over. Once upon the inside, this 
larva, safe from all intrusion, may eat its way about 
until it has grown to full size. Now the apple falls 
from the tree, the worm creeps out of the apple and 
under loose bark and there lies over winter, transform- 
ing in the springtime into the full-grown moth. This 
emerges, ready to push its egg into the freshly-budding 
apple blossoms. This lesson will not be complete until 
it has shown the children how fooUsh it is to allow 
windfalls, as these early dropping apples are called, 
to lie \mtil the larvae can emerge and enter the ground. 
The farmer who will permit this to go on is simply 
breeding more trouble, while he who will gather up these 
apples and either feed them to the hogs or convert 
them into dder, will get value out of the fallen apples 
and do much to alleviate the damage to future crops. 

50. If the teacher have in the school a bright pupil 
who can be entrusted with this commission, a farmer's 
bulletin may be secured without cost from the Depart- 
ment of Agriculture at Washington, which will name 
the main varieties of apples. This pupil may Naming 
endeavor to gather from among the apples Appiea. 
brought in by his fellows, typical examples of as many 
varieties as he can. It may be that there is in the 
neighborhood some man who is a careful fruit-grower. 
Perhaps he can be persuaded to come that afternoon 
and show the children what is meant by grafting. 
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bringing a few twigs with him and actually performing 
a grafting operation before their eyes, telling them 
why we graft trees and when it should be done. Some 
such exercise as one of these mentioned will serve to 
close pleasantly the school session, and I feel sure that 
the week whose work is thus permeated with a thread of 
definite purpose that Unks its several parts into a co- 
ordinated and coherent whole, will prove to have been 
an inspiration to the teacher himself and to stay with 
more than ordinary persistence in the mind of the pupil. 
51. Nothing makes for clearness of language hke 
definiteness of idea and of purpose. These qualities 
can be fostered by assigning to the pupil some clear-cut 
topic on which to write. Let the subject be not the 
apple, but the color in the apple, and the teacher may 
Subecte ^^^ ^^y ^® *^® apple colored? What part of it 
forCJom- takes the brightest color? Why is this the 
position, ^jgjgg? jg ^here any use in its being so? The 
pupil who has these questions asked to him and is sent 
not to an apple but to a tree bearing apples, will, if he 
has had any reasonable preparation, bring back inter- 
esting and profitable lessons, as well as a coherent 
composition. A more diflBcult problem, and yet one 
not beyond the power of solution by the boy who is 
interested in such questions, is to see what is the differ- 
ence between the whiskers of a cat and the whiskers 
of a dog. Of what use are these whiskers? Is the horse 
more Uke the dog or like the cat in this respect? How 
about the rat? A live boy will find here much exercise 
for his mind. In his composition he should distin- 
guish very carefully, and show plainly that he does 
distinguish, between those things which he has seen and 
which he can clearly state, and those things which he 
simply infers and which may be entirely wrong. It Is 
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in this work that training in truthfulness is readily 
secured and character building can be most carefully 
attended to. 

52. A further suggestion as to the question of geog- 
raphy may not be out of place. Let us suppose that 
the lesson is to touch upon the Gulf states. If it is 
possible to look out over a field of oats, and study the 
hollow stems of the plants, the grains at the top, the 
crowded condition under which the cereals subjects 
grow, it is no diflScult matter, when once the **»**Grow. 
general idea of a grass has been gained, to go in an 
imaginary way, to the South, to cover the oatsfield with 
water, and convert the waving oats into standing rice. 
Nor need it be diflScult, if the milkweed pod is growing by 
the road-side, for the children who have seen this pod 
split open and each seed sail away in the wind by its 
tuft of fluffy hair, to see the fields of the South covered 
with the pods which, bursting, pour out the wealth of 
seed buried in white, curly hair, which we have come 
to know as the cotton. Any pupil who has pulled a 
stalk of sweet corn and chewed the tender end which 
he broke just above a joint would not have much diflS- 
culty in reaUzing how the cane has packed away its 
large store of sugar. 

53. If the subject happens to be the Sierras or Alaska, 
or Greenland, or the Alps, and there be upon a neigh- 
boring roof its load of winter snow which has slowly 
moved until its curled edge curves down over Giaden 
the projecting eaves, then we have at hand a •* ^®™®- 
good lesson indeed. For just exactly the movement 
which has brought this snow down the roof, and has 
made it bend and curl over the edge of the eaves, is the 
precise movement which has pushed down the guUeys 
of our great mountains their creeping tongues of snow, 
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converted at the bottom into ice which men have called 
a glacier. 

54. Let all the drawing and all the written language 
work which is done in natxu'e study be done upon paper 
of uniform size^ perforated at the edges. Let a little 
Bind up Manila-paper cover be made for each pupil's 
the Notes. «^ork, and at the close of the school term let all 
the pupil's work in nature study be collected, arranged 
and tied up in one sheaf. Then it will be seen how 
large an amoimt of really profitable study has been 
done, and this without one minute's loss of time or 
effort from any other branch. From each pupil should 
be selected the best of his work, and these selections 
should be fastened together into a school note-book. If 
this method is adhered to for several years, all the best 
work which has been done through these years on one 
subject can be boimd together in one book and the 
result cannot fail to be interesting and stimulating, to 
the pupils of the new year. 

55. There are a number of advantages to be derived 
from having the work in nature study occupy no part 
of the school program, but to be secured, instead, by 
serving as one subject one day and another subject the 
No Time ncxt. In the first place, as suggested before, 
wLoBt. there is no time lost and no subject in the 
crowded course is displaced. In the second place, there 
is far less probabiUty of criticism from those who are 
not closely in touch with the school work, and who 
would be likely to distinctly object to practically any 
new thing introduced into the course. These are only 
minor advantages, to my mind. The greatest advan- 
tage to come from it is the fact that the teacher and 
pupil will gradually both come to see that our artificial 
method of separating between branches is simply a con- 
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venient artifice for school purposes. To the merchant, 
his geography, his spelling, his reading, his arithmetic, 
his book-keeping, his history, are all inextricably mixed 
together in actual life, and it would puzzle him were he 
to confine each of them to a definite period of the day. 
If this method is pursued the minds of the children will 
not be likely to grow up into what one of our educators 
has humorously called "water-tight compartments" 
each of which contains a separate subject and between 
no two of which is there any means for communication. 
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THE EQUIPMENT OP THE SCHOOL-ROOM 

56. While it is quite possible that the ideal work in 
nature study should be done out of doors entirely, in 
actual practice this is neither possible or even always 
desirable. It often happens that profitable observing- 
ground is far away from the school and that the pupil 
Material ^^^1^ l^so too much time in going to and fro. 
Must be Such work in nature study would soon be 
vetoed by both directors and patrons and very 
properly so. If the nature study is to have any vital 
hold on the school it must know its place and it must 
not disorganize the general work. Accordingly, it is 
often preferable that nature should come to the children, 
and there are many circumstances imder which it is 
really better that this should be the case. The nature 
class can easily degenerate into a mere picnic, and picnics 
will be slow in finding their place in the curriculum. So 
it happens that the teacher must in most cases provide 
the. material which the children are to study. This 
means a very considerable amount of work and the 
teacher must learn early to minimize this trouble as 
far as possible. If his work is planned for some time 
ahead, it is often not diflScult for him to gather materials 
either on his way to or from the school or in short d6tours 
from this route. Once a week the teacher should have 
a good coimtry walk, and this should bring much 
material. When the children have become eager in the 
matter of nature, if encouraged to do so they are sure 
to turn in a great deal of material. The wise teacher 

70 
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will show his wisdom in the manner in which he receives 
these offerings. One should take everjrthing that 
comes, and thank the child that brings it. If possible 
one should always tell the child some interesting fact 
concerning the specimen which he has brought. The 
pupil should be encouraged to write a label that can be 
fastened to the object, and then this object can be laid 
aside. If it is really worthless, the child's feelings 
should not be hurt by having it discarded in front of 
his eyes. If the contribution is courteously received, 
it is quite certain that there will gather about the school 
a very interesting body of material which will be val- 
uable in the nature study work. 

57. I have found it very desirable in my own case to 
use a large number of boxes of uniform size, which shall 
contain much of my material for nature work. Empty 
chalk-boxes serve the purpose well. Each box should 
be marked on its end with the name of the systematic 
material which it contains, and then the boxes storage, 
grouped on shelves, similar materials being kept close 
together. Some of my boxes contain blocks sawed from 
vigorous shoots of Ailanthus. In contrast with these, I 
have in another box blocks sawed from a shaded branch 
of the Linden, in which nine or ten rings will be found 
in a twig not more than three-quarters of an inch in 
diameter. Still other boxes hold sections of wood cut 
lengthwise or pieces of corn-stalk, some cut lengthwise 
and some crosswise. Others of these boxes contain 
fruits. One will hold chestnuts in the burr, another 
will have the seed-pods of the milkweed, still another 
the capsules of the velvet leaf and near by we find the 
prickly capsules of the "jimpson" weed. The number 
of attractive seed-pods that can be gathered in the fall 
is simply astonishing. Then, too, I collect the fruits 
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commonly called burdocks and Spanish needles. The 
first time a child examines a Spanish needle with a 
magnifying glass, and finds how it is that they stick 
so tightly to one's clothing he will gain an impression 
which he will be slow to lose. Nor need the boxes con- 
tain only plant materials. Animal specimens are often 
quite as available and quite as easily kept. The shells 
of our ordinary mussel and snail are very interesting, 
and though we do not go to the ocean, oysters and 
clams come to us, and their shells are excellent objects 
to study. I might remark that oyster shells are so 
absolutely paired that no two which have not grown 
together '^^an possibly be made to fit each other. It is 
my habit to see that I get both shells in the pair of an 
oyster, and when they are not in use I keep the pair 
tied up with a piece of cord. It is easy also to gather 
the nests of the mud-wasp, or the paper nests of the 
wasp that fastens itself under th% eaves. It is always 
wise, where possible, to gather enough material of one 
kind to go around a class and then to have enough left 
over to make up for the wear and tear of several years. 
This will very materially lighten the teacher's work. 
But these materials are not the best. If possible, 
living material is what is most desirable, and where it 
can be had, should certainly be used. 

The Aquarium. 

58. Of all the means for keeping live animals in the 
school-room, the best both in simplicity and interest is 
the aquarium. I hear people complaining of the great 
Keepinsan trouble in keeping an aquarium, but that is 
Aquarium, gimpiy because they do not know how to go 
about it. The usual complaint is that the aquarium 
will not keep sweet, though the water is changed every 
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few days. Indeed at first, while the newness of the 
occupation has some charm, the water is often changed 
every day. As a matter of fact, when ever)rthing is 
working as it should, there is no reason for changing the 
water. In our own school an aquarium had no change 
of water for eighteen months, and then only was emptied 
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because the teacher who owned it moved away and 
wished to take it with her. The first qualification of an 
aquarium, and the only indispensable one, is that it 
should hold water. A china bowl is better than nothing, 
and any ordinary fruit-jar makes a fair substitute for a 
good aquarium. But if one is expecting to study the 
creatures in the aquarium, and not use it simply as an 
ornament, it should have rectangular sides. Any other 
form so distorts the apparent shape of the animals 



74 THE STUDY OF NATURE 

inside the vessel as to make the study of them diffi- 
cult. Every one must have noticed that in the ordi- 
nary fish-globe, a very small goldfish will look, when 
viewed through the side of the jar, enormously big, and 
often both head and tail will fade off into a golden haze. 
There is no shape of aquarium less adapted to purposes 
of study than this most familiar of all forms, the globe. 
Accordingly it is far better where this is possible to 
have a vessel with rectangular sides. The ordinary 
square candy jar makes a very satisfactory vessel. Of 
course it is quite possible to buy from dealers in such 
supplies a highly satisfactory rectangular aquarium, 
but the cost is greater than many school committees care 
to put into such a piece of apparatus. Quite a num- 
ber of methods have been advanced by which teachers 
can make their own rectangular aquaria. The method 
Maidiigan which has proved most satisfactory in my 
Aquarium, ha^ds is ouo which any teacher, with a little 
patience can follow. The materials to be used con- 
sist of five sheets of glass, a roll of surgeon's adhesive 
tape about one inch wide, and a small can of bath-tub 
enamel. One roll of tape and one can of enamel will 
suffice for several aquaria. If it is desired to use glass 
8 X 10 inches in size, the dealer should cut two of the 
pieces down to the size of 8 x 8. These will serve as the 
ends of the tank, the remaining pieces serving as the 
sides and the bottom. This box is held together by means 
of the adhesive, which is put as a strap along each edge 
of the box. There should be a strap along the inner 
edges as well as the outer, so that a double reinforce- 
ment of tape passes along every edge of the tank. Around 
the top of the aquarium a strap of the adhesive is run, 
half of which is on the outside and half on the inside. 
The success of this process depends absolutely on the 
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patience with which this adhesive tape is rubbed firmly 
into place. Time spent on this process saves much 
subsequent difficulty. After the adhedve has been in 
place for twenty-four hours, two or three coats of bath- 
tub enamel are painted on the tape and over its edge, so 
as to leave a Une of enamel on the glass. This prevents 
the water from soaking imder the edge of the strip 
of adhesive. Each coat of enamel should be allowed to 
dry thoroughly before the next coat is put on. When 
this process is completed and time has been allowed for 
dr3dng, one will have a tank which is sound, strong and 
neat. 

59. I have said previously that it is not necessary to 
change the water of an aquarium. It is well known 
that green plants absorb carbon dioxide and that they 
give off an equal amount of oxygen. On the ^^^^ 
other hand oxygen is rapidly absorbed by Balanced 
animals, while they are continually throwing **"*"'™- 
oflf carbon dioxide in equal quantities. It is at 
once apparent that if we have the proper propor- 
tion of animals and of plants the plants will throw 
off the oxygen which the animals need, while the 
animals in return will pass off an amount of carbon 
dioxide exactly equivalent to the oxygen they have 
absorbed. It is only necessary to see that we have both 
animals and plants which are accustomed to living be- 
neath the surface of the water and that they are present 
in the proper proportion. 

60. When one intends to stock an aquarium, he 
should take his jars and his net and go to a country 
stream. He should gather a number of stones suf- 
ficient to cover the bottom of the aquarium, and these 
should be washed thoroughly to free them from any 
decomposing animal or vegetable matter. His next 
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task is to gather a considerable number of plants which 
grow with their leaves beneath the surface of the water. 
Water Any plant whose roots alone are in the water 
Pi«»t»- may ornament the aquarium but is of no 
practical use for the purpose of keeping it sweet. There 
are many plants which grow with their leaves beneath 
the water. When gathered from the stream, they 
should be washed free from a greenish or brownish 
deposit, partly dirt, partly vegetable matter. 

61. Now the animals that are to be kept in the 
aquarium should be gathered. Looking carefully among 
the stones, in clear running water, we see the open edges 
Mu88ei« ^^ ^^^ mussel or fresh-water clam. This creat- 
snd Pond ure is buried almost completely in the stones 

and sand of the bottom of the stream, only a 
thin edge protruding, and this is kept open to allow the 
water to enter and leave the shell. Our next care is to 
feel among the leaves in the stream for pond snails. 
They will be foimd creeping on the stones or climbing 
the stems of the water plants. Four or five of them 
should be present in any aquarium. The animals thus 
far mentioned are desirable for the sake of the health 
of the collection, independently of any interest we may 
take in their own activity. Now we may introduce a 
few of the animals we care to study. 

62. Fish will naturally be among the first objects to 
attract our attention. To my mind the little fish of 
our country streams are much more interesting than the 
goldfish of the shops. The sunfish is the most pugna- 
cious and independent of all the fish I have kept. By 
Desirable Way of contrast a small catfish is interesting. 
^^"^^ A minnow, if of suflSdent aze not to fall a 
prey to any of the others, will nicely complete our 
collection. On returning home the aquarium may be 
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stocked. The stones, thoroughly washed, should be 
placed in the bottom of the tank. Water, preferably 
from the stream from which the animals were taken, 
but certainly not filtered water, should next be added. 
The plants which are to go into the aquarium should 
now be chosen and a good supply should be used. Plants 
are so much more sluggish in their life activities than 
animals are, that a considerable number of them is 
necessary to counterbalance comparatively few animals. 
The base of the stems of these plants should be tied 
fast to the stones used in the bottom of the aquarium. 
The mussel should now be placed on the stones, four or 
five pond snails put into the jar, and lastly the fish. The 
mussel will soon bury himself among the stones and 
begin drawing the water into one of his funnels and 
letting it come out of the other. However cloudy the 
water may be when it enters his body, it leaves it clear. 
The resTilt is that in a few days the water of the aqua- 
rium will be absolutely transparent. 

63. One of the difficulties in the maintenance of an 
aquarium is the fact that a green scum is very apt to 
form upon the glass. This coating consists of a low 
form of plant life. The pond snails in their traveling 
up and down the glass will devour the green ^ 
scum. If pond snails are put into the aqua- the Glass 
rium when it is first started, this scum has no ^^' 
chance to gain a headway. Even when it has appeared, 
if it is not too heavy, the addition of the snails will 
serve to effect its removal. The tank should not stand 
where it will receive direct simlight for more than an 
hour or two in the day. It does not need direct sunlight 
at all, though it should not be placed where there is not 
a fair quantity of light. 

64. For the first week the collection needs frequent 
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watching. So long as the fish swim freely near the 
bottom of the water, it may be counted certain that 
there is a sufficient supply of oxygen and hence that 
,j^ there are plants enough. But when the fish 

Balanced persistently swim near the surface, we have 
quanum. ^ ^^^^^ indication that the plants are not hand- 
ing over to the water as much oxygen as the fish need. 
Our remedy is plain. Either we must add more plants 
or we must take out some of the fish. There should be, 
here and there, spots entirely free from plants. Other- 
wise it will be too difficult to see the animals clearly 
enough to make it possible to study them. 

65. To those who visit the sea-shore, a salt-water 
aquarium will prove very interesting. This is quite as 
easy to make and as easy to maintain as a fresh-water 

aquarium. Of course in this case seaweeds 
Salt-water form the plant life and marine animals the 
Aquanum. g^jjjjjj^j jj£g ^f ^j^^ aquarfum. It is best, how- 
ever, to confine ourselves to the greenest of seaweeds 
and to a few small animals. Small seashells with their 
natural occupants will prove most interesting as will 
barnacles and sea anemones. 

66. It is often well to lay a light covering over an 
aquarium. This should especially be done while the 
room is being swept. Water will always slowly evap- 
orate and when it does so there is apt to be left a line 
Adding above the surface of the water. This may be 
Water. obviated if upon first filling the aquarium we 
make a mark of some sort on the outside of the glass 
and then take care to add a little water now and then 
to keep the surface always at precisely the same level. 
In pouring new water into the aquarium, it is well to 
insert one's hand into the aquarium, just below the 
surface of the water, and then to pour the added water 
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upon the hand. This prevents the formation of cur- 
rents, which would make the water cloudy. When sea 
water evaporates from the salt-water aquarium it of 
course leaves the salt behind, and hence to remedy the 
evaporation from such an aquarium we must continu- 
ally add fresh water. It is needless to remark that the 
rivers are constantly doing this to the ocean. 

67. One of the frequent sources of trouble in an 
aquarium is the matter of feeding. . Fish should be 
given very little food; I have known fish to be left 
when a family went away for the summer Feeding the 
and when they returned the water in the Animals, 
aquarium had evaporated to less than half its original 
quantity. The goldfish had had no food excepting 
what little they may have eaten of the plant life in the 
aquarium, but they certainly seemed none the worse for 
their experience. The fish food sold in the stores is 
simply rice flour and water and has no material advan- 
tage over a piece of cracker except that it does not so 
readily break up and foul the water. little food should 
be thrown in at a time and after the fish have fed for 
half an hour the rest of the food, if any be unconsumed, 
should be removed. 

The Live Cage. 

68. It will very frequently happen that the teacher 
would like to keep a small animal in the school-room. 
This may be made an apparent cruelty or the animal 
may be made to seem so much at home that there seems 
to the pupil to be no sign of cruelty about it. ^^^^ 
Of course anything that will hold the animal, the live 
will serve the purpose, but I have found a ^*®* 
form of Uve cage which meets my needs exceedingly 
well. There is a wire netting commonly sold at the hard- 
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ware stores which runs about four meshes to the inch, 
and these meshes are soldered where the wires cross 
each other. If the cage is to be a completely closed one, 
I take a length of this netting, suflScient to form bottom, 
two sides and top and I bend it into that shape. With 
wire, I sew the two ends together, thus forming four 
sides of my box, two pieces of wire netting are cut off, 
of such size and shape as will form the other two sides 
of the box, and these are also sewn fast with wire. The 
box is now completely closed. With the shears I now 
cut a door-way in one side. The piece thus dropping 
out can be made to serve for the door, but a slightly 
larger piece is preferable. This too can be attached at 
one side by means of a piece of wire. Such a cage has 
the unusual advantage that it can be kept positively 
clean, even with the animal inside of it. When neces- 
sary it can be put under a hydrant and thoroughly 
washed. It should ordinarily be kept standing on 
heavy paper, and if this is frequently removed the whole 
contrivance keeps entirely sweet. In practise I find it 
often convenient to make such a cage of very consider- 
able size, and then divide it by sewing into it partitions 
of wire netting just as the cage itself was sewn together. 
Animals which are natural enemies show sometimes 
considerable fear when first placed in adjoining cages; 
but it is astonishing how soon all signs of fear die away. 
This happens even when the animals are placed in the 
same cage, providing they do not immediately attack 
each other. I have had mice to sleep in the folds of a 
blacksnake with apparent entire comfort to both of 
them. Subsequently a suspicious bulge in the black- 
snake made it evident that one of the mice was reposing 
on the inside. The remaining mouse, however, seemed 
to have no idea that the fate which befell his friend 
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was likely to be his own, for he continued to repose 
daily with entire complacency within the folds of the 
snake. 

69. It is both ethically just and at the same time 
pedagogically wise that each animal which is kept 
caged in the school-room should have the conditions of 
his cage as nearly as may be those which he would find 
outside, excepting in the matter of his free- The Cage 
dom. It will hence be an excellent exercise •Home, 
for any pupils to be given the task of arranging the box 
or cage so as to make the animal as much at home in it 
as it is possible. Animals should always be fed as nearly 
as possible the food which they naturally eat, but a fair 
approximation is all that is necessary. Cold-blooded 
animals are far more Ukely to be overfed than to be 
given too little to eat. 

Collecting: Insects. 

70. There are comparatively few kinds of animals 
which can after death be inexpensively prepared so as 
to serve as specimens in nature study. Few teachers will 
develop sufficient skill to moxmt either the mammals or 
the birds, and when one succeeds in mount- pt«pariiig 
ing one of these creatures it answers but in- Im«^ 
diflEerently the purpose of our work. They are so active 
when Uving that it is almost impossible to mount them 
well enough not to be seriously disappointing. It is 
far better to study a few Uve mammals than many 
dead ones. Insects are very interesting when kept 
alive, and this should be often done. In addition they 
form the best materials for the young collector to work 
upon. There seems to be so little cruelty in the collect- 
ing of them that even a child realizes the difference 
between trampUng on a beetle and stoning a cat. Science 
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says that the lower animals suffer far less pain than 
those higher in the scale. Insects have one enormous 
advantage for the purpose of the collector. They have 
their skeletons on the outside and the flesh dries up 
within them. A dead and dried grasshopper has the 
same external appearance that the live one had and this 
is quite as true of beetles, butterflies, and bees. Accord- 
ingly the only steps necessary in preparing an insect 
are, that his body should be placed in an attractive 
position until it has stiffened, and then it must be kept 
where moths cannot deposit their eggs upon it. It is 
this latter which presents the real diflSculty with insect 
mounts. There is no trouble about making them, but 
most amateur collectors in adjusting the boxes allow 
moths to get into their specimens and utterly ruin them. 
71. The catching of insects is usually a very simple 
matter. Contrary to the generally received idea, a 
very large proportion of them may be simply picked 
up. There are few insects which have the power to do 

us harm and the general fear of these creatures 
UBuaUy is Ordinarily quite without basis. The beetles 
hIS<J£. ^® * whole can do no harm, though they have 

often the name of pinching-bugs. Now and 
then a few larger beetles of our neighborhood really 
have jaws suflSciently strong to make a pimcture, but 
in few cases do we suffer enough for it to be worth call- 
ing a hurt. In none is there any harm from the bite, 
which very rarely punctures the skin. Flies almost 
without exception may be caught in the hand, without 
the slightest hesitation. Dragon-flies, big as they are, 
are equally without power to harm. The so called 
seventeen-year "locust" and his larger green cousin are 
equally free from power to harm. The truth of the mat- 
ter is, that when we get out of the group of the bees 
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and the wasps, there is not one insect on an average in 
ten thousand which may not be handled with entire 
impunity. Accordingly insects may be frequently cap- 
tured with the bare fingers. There are certain kinds, 
as for instance the butterfly, in which the delicacy of 
the coat is such that capturing by the fingers would 
result in the practical destruction of the beauty of the 
specimen. Where this is the case, some other method 
must be employed. A bottle with a wide mouth and a 
stopper to fit serves as a means of capturing the many 
insects which one would not handle. A tin box and its 
readily removed lid serve equally for the same purpose. 
72. But any one who wishes seriously to study the 
insects, should certainly provide himself with a net. 
A piece of wire, of brass or iron, about forty inches 
long should be curled into a hoop by lapping the ends 
for eight inches. These ends should then be The in- 
given a twist or two, and turned at right angles ***^ ^**' 
to the hoop. The ends of the wire extend about four 
inches from the hoop. A light but firm stick, not over 
three-quarters of an inch in diameter and about four 
feet long, should have its end inserted between these 
two projecting wires and these should be bound together 
by means of small wire or twine. A bag of tarlatan, or 
of mosquito netting, should now be made. This bag 
should be just large enough in the mouth to fasten 
closely about the hoop of wire and should be well sewed 
on. The bottom of the bag should be a straight Une, 
no attempt being made to pucker it or shape it into a 
point. I have found a very satisfactory net which can 
be constructed with a little more care and expense. 
Every dealer in sportsmen's goods sells an instrument, 
intended to serve as a gun cleaner, which separates 
readily into three parts, which screw together to make 
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a firm rod. A socket in 
has a thread in it to allo^ 
small piece of metal iDtenl 
or other cleaning materif 
made of wire whose ends 
meet each other, these * 
metal tip and upon this 
satisfactory net can be fa: 

73. I think first and s€ 
see insects killed. In the 
the kilUng of insects, whe 
is without serious objectic 
KiUing the pupil hiiTtsel 
^'^»^- city, and of a i 
ought quite likely not see 
the teacher; but to the 
farm, to whom the killing 
slaughtering of the annu^ 
experience, there should c 
decorous and useful killjti 
procedure is to apply ett 
of the insect, either by s 
brush or a wad of cott<: 
chloroform is expensive, 
danger. It is my exper. 
scarcely any quaUties ada 
they excel gasoUne. Tb 
in my work with younger 
oUne is very cheap, auffc 
ates with very httle trace 
Uhood of injury to the 
source of danger, that o 
Ught, is quite as true of el 

74. Among constant co 
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bottle or can is a very common instrument. A piece of 
cyanide of potash about the size of a small chestnut is 
dropped into the bottom of a can or bottle with a wide 
mouth. Plaster of Paris in the dry powder ^ 

can be poured in until it just covers the cya- Cyanide 
nide. A little more plaster of Paris mixed with 
water to form a thick cream is poured upon it; and the 
instrument is complete. Through this plaster of Paris 
floor^ the deadly fumes of the cyanide arise with suf- 
ficient power to kill insects. This power lasts for a 
considerable time, even for months. The one serious 
objection, however, to the process is the fact that the 
cyanide is so deadly that it practically should not be 
found outside of a laboratory or a drug-store, excepting 
in the hands of people thoroughly alive to the danger. 
I have aboUshed it in my practice. I take a wide-mouth 
jar, holding about eight ounces and having a screw-cap 
top. Fine stick candy is often sold in such jars. Into the 
bottom of this vessel I put about an inch of absorbent 
cotton and I press down upon this a cardboard disc 
large enough to fit tightly into the jar and hold down 
the cotton. Through this cardboard disc a number of 
holes are cut, to make it easy for gasoline, when 
poured into the jar, to run through the card and 
saturate the cotton. This answers quite as well as 
cyanide, though its effects quickly pass away. A small 
quantity of gasoline must be poured into the jar at 
intervals during use. 

75. After the insects have been captured and killed, 
the next step consists in arranging them so that they 
may be stiffened in a natural and attractive position. 
A good plan is to use the box known to the trade as 
the Hiker mount. Its great disadvantage lies in the 
fact that while the box could be easily made by any- 



86 THE STUDY OF NATURE 

body, it is protected by a patent, and the boxes must 
accordingly be purchased. In the Biker mount, a shal- 
Spreading low box is filled with cotton. The insects after 
iniects. being stiffened are laid upon this cotton and the 
lid, which consists of a sheet of glass with a paste-board 
rim, is slipped over the box and pins are stuck firmly 
into each end to keep the box from opening. When 
insects are to be prepared for the Biker mount, they 
should be laid back down upon a smooth sheet of wood 
or of cork. Their wings should be arranged in the 
fashion one wishes to see them remain, and pins should 
be stuck here and there, perhaps through the wings, 
perhaps about the body. These pins should remain 
until the body is completely stiffened. This takes from 
two days to two weeks, depending upon the size and 
fleshiness of the animal and the dryness of the atmos- 
phere. Before insects are placed in the mount, it is 
well to Uft the cotton and throw under it a teaspoonf ul of 
naphthaline, the substance commonly known as tar 
camphor and used to preserve clothing from moths. 
This will at least delay if it does not prevent the destruc- 
tion of your insects by parasites. 

Doctor Hodge has recommended a very interesting 
departure from the Biker mount. He takes a piece of 
wood, cuts it at the corners so it will bend into a rect- 
angular form as big on the outside as his sheet of glass. 
The specimens are now touched lightly with glue on 
the under side, and laid in proper position on a sheet 
of glass; aroimd these specimens on the edge of the glass 
the wooden frame is placed and another piece of glass 
is laid on top of this and the whole is bound together 
around the edge by a strap of gummed paper. In this 
way the specimen is placed between two pieces of glass 
and both top and bottom are equally available for study. 
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Where this work is not carefully done the insect often 
breaks loose from the glass. One great advantage of this 
process lies in the fact that Doctor Hodge has not pat- 
ented it and has made us all entirely welcome to its use. 

76. Such methods as this admit of the formation of 
many interesting collections. To introduce into such a 
mount a pressed flower and all the kinds of insects one 
finds fertilizing this flower makes a very sug- inaeot 
gestive and beautiful mount. If it is desired Mounts, 
to show the separate parts of an insect's body, though 
this is not often desired for elementary studies, they 
may be arranged in such a mount and be studied again 
and again without loss of specimens. A butterfly, the 
chrysalis from which it comes, the leaf it eats, and the 
picture of its larva drawn and colored by the pupil in 
natural size and then cut out, makes another interest- 
ing exhibit. 

Mountinfif Spider-webs. 

77. I have recently devised a method of gathering 
and mounting spider-webs which gives me such satis- 
factory results that I believe it worthy of dissemina- 
tion. I will describe the preparation, the field work 
and the final moimting of one web as I carry Making the 
it out in practise. I take two pieces of glass. Mount, 
say 5x7 inches in size. Then I cut four rectangles 
of cardboard, of the same size as the glass. Out of 
two of these I cut openings 4 x 6 in size, leaving a 
half-inch rim. I take with me into the field these four 
pieces of cardboard tied together with a string, the solid 
pieces on the outside. With me I also take a tube of 
white paste. It may be that I have already located a 
beautiful spider-web which I wish to secure. If this is 
true, I have, the evening before, with my fingers wiped 
out the web entirely from the opening. The spider has 
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replaced the snare over night and this morning a fresh 
new web, not yet punctured by visiting insects, will be 
found in the same position. Finding such a web as I 
wish, I untie my rectangles of cardboard, and take one 
of the open rectangles and spread around one face of it 
a liberal supply of white paste. This pasted side I 
press against the spider-web, and with my hand draw 
the edges of the web, which project beyond the rect- 
angle, over the edge of the card and break them ofiF. 
The part of the web that comes into contact with the 
paste adheres quite nicely and with reasonable care the 
entire rectangle surroimds a beautiful piece of spider 
web. The other open rectangle is now placed against 
this pasted side and the fingers drawn around the whole 
with gentle pressure to make the two rectangles adhere 
to each other. The two solid rectangles are now laid 
one on each side of the framed web and a string care- 
fully tied about the whole. Care must be taken not to 
press the centres of the packed rectangles, for the web 
itself is sticky and may adhere to these covers. On reach- 
ing the laboratory, the string is untied and the two covers 
of cardboard are gently lifted aside, leaving the card- 
board frame with the spider web in the centre. A sheet 
of glass is now placed on either side of the frame and a 
strip of binding paper fastens the whole together. The 
result is a spider-web between two pieces of glass in 
perfect condition and which can be handled and studied 
without the slightest danger of injury to the most deli- 
cate pattern. The spiders have been so little studied 
that it would be easy for any diligent person to add 
much to our knowledge of spider-webs, if he were simply 
to collect and study large numbers of them, preserving 
and labelling the accompan3dng spiders, so he may be 
sure to know to which spider each web belongs. 



SECTION n— THE MATERIALS 

VIII 

THE INSECTS 

78. The most interesting material for work in nature 
study is undoubtedly some form of animal life. Ani- 
mals are more interesting than plants. The movements 
of plants are so slow, their activity so sUght, that life 
in them seems to be a very different thing ^ 
from what it is in animals. No other group of are Good 
animals is so marvellously abundant as are 

the insects. They swarm everywhere all through the 
summer. They are easy to catch and easy to watch, 
and are full of interest. Many of them are very valu- 
able to us, and perhaps more are harmful; so that it 
is quite worth our while to learn to know them. Of 
course so extended a group as the insects can only be 
thoroughly studied in books entirely devoted to that 
subject. Still there are certain lines of information 
which are better adapted than others to the work in 
nature study, and it is these facts particularly to which 
we will give a general glance. The very name insect 
indicates one of the peculiarities of its structure; it is 
cut into sections. The most casual glance at the bee, 
the butterfly, or the grasshopper, will show us that the 
body is divided by the neck and the waist into three 
distinct regions. While it is ordinarily a mistake to use 
technical terms with young children we shall employ a 
few in connection with insects, because they are terms 
which will be used in their study of human physiology. 

79. The three parts of an insect's body are known as 

89 
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the head; the thorax, and the abdomen. To the head 
are attached the mouth parts, and the sense organs; 
to the thorax are attached the parts which produce 
motion; while the only attachment to the ab- 
domen is the egg-placer, which is sometimes 
converted into a sting. Let us turn for a 
time to those organs which produce motion in the 
animal. The thorax of the insect is divided by grooves 
into three rather distinct pieces. To each of these 
pieces two legs are attached, giving the insects six 
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Fio. 2 — ^Thb Insect's Fakes 

legs. Each leg has parts to which we will give names, 
again because the same terms are used as are used in 
human anatomy. The big joint, close to the body, is 
known as the femur; the next joint, which is commonly 
long and slender, is known as the tibia, and then there 
follows a sort of foot made up of four or five small 
joints ending most commonly in a pair of hooks. This 
foot part is known as the tarsus. 

80. In much the larger number of insects the legs 
are simply used for walking, and walking is a more or 
less temporary means of getting about. The power of 
Sight is so common that most insects walk only ioc 
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short distances. The fly will use its wings for making 
any considerable trips, and only after he has aUghted 
in search of food does he run around in short excursions. 
There are, however, some insects who travel The Use of 
very largely by means of their feet. The ants, *^* ^®®*' 
for instance, use this method almost entirely, most of 
them having lost their wings. Some of the ground beetles 
can run so rapidly as to make it a diflScult matter to 
catch them, while one of our digger-wasps can use such 
speed as he darts around for spiders as makes it difii- 
cult to keep track of him. 

81. A few insects have taken to a strange form of 
living, underneath the surface of the water. The ad- 
miral beetle, the giant water-bug, and the water boat- 
man, are good illustrations of this habit, and water 
it will be noticed on examining the legs of i"»««*8. 
these animals that they are strangely flattened and 
serve as oars. With these they drive their boat-shaped 
bodies over or even beneath the water. The under-side 
of their bodies is covered with a thin furry coat of hair, 
among which they manage to entangle a considerable 
quantity of air, which they use for breathing when they 
get beneath the surface of the water. 

82. The grasshopper and his close relatives use their 
hind legs for jumping. These have accordingly become 
very strong. At the same time these legs are set with 
short spikes, which help them to catch hold on jumping 
the groimd both in leaping and in alighting. i^^ects. 
The katydids are even more developed than the grass- 
hopper in this respect, while the crickets, who belong 
to the same family, have grown short and heavy legs for 
pushing their way beneath the sod. 

83. The method of getting about to which insects are 
most partial is by means of their wings, commonly four 
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in number. These, like the legs, are fastened to the 
thorax. There is almost no other respect in which 
insects differ more plainly from each other than they do 

in the shape, texture, and color of their wings. 
Arrange- and these differences are conmionly used as a 
thewin«8. basis for separating these animals into groups. 

In some of the insects, the four wings are 
all of the same size and both pairs of them are used 
with effectiveness in flight. Dragon-flies, for instance, 
usually have both pairs of wings very much alike in 
size and shape. It is found, however, that as we go up 
the scale in the insect world the wings are incUned to 
become smaller and to be used with greater rapidity. 
When this is the case, the hind wings very commonly 
become smaller than the front wings and are by some 
means or other hooked to them, usually by a fold along 
the front margin. In the bumble-bee the hind wing- is 
nearly useless when it is unhooked from the front wing, 
and this creature will go through strange antics, if you 
unhook his wings, in his endeavors to get them back 
into place again. There are many cases amongst insects 
in which the front wings serve merely as a cover or pro- 
tection for the hind wings and are not much used for 
flight. The hind wings in this case must do practically 
all the work. Any one who has run his hand rapidly 
along the edge of a blade of grass knows how it will 
saw. The grasshopper's delicate hind wing would be 
very soon spoiled were it not that when he is about to 
alight he first folds his hind wing like a fan and then 
covers it up with his long hard front wing. While he is 
in the air, he rather sails than flies, so far as his front 
wing is concerned. The same is true, in a still greater 
degree, of the beetles, most of whom keep their front 
wing entirely motionless during flight. All the work of 
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driving their bodies through the air is done by the hind 
wing. As a result, these creatures are very bungling 
on the wing and they do not fly more than is absolutely 
necessary. 

84. There is one great group of insects in which the 
hind wings have been greatly changed; they are no 
longer of any use whatever for purposes of flight and 
so have entirely disappeared or else have been converted 
into a peculiar form of organs called balan- .^^^ 

cers. The group in which this has happened winged 
is that to which the flies and mosquitoes 
belong. Almost every one has seen the so called crane- 
fly sitting on the window. It looks Uke a gigantic 
mosquito, with legs 
two inches long. Close 
inspection will show 
two front wings which 
are rather long and 
slender and back of 
them what look Uke 
two pins with great 
round heads and with 
very sharp points 
stuck into the insect's 
thorax. These are 
known as balancers, 
and the impression 
under which the name 
was given was that 
they are used as the 
old rope-walker used 
a balancing pole, so as to keep the animal from swinging 
from one side or the other. Later investigation has 
shown that this is not at all the case but that these are 
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organs by which the animal tells whether he is balanced; 
and in this respect they serve the same purpose for 
which we use the semicircular canals of the ear. 

85. There is a method by which one can determine 
just how rapidly an insect moves its wings. When any 
body vibrates regularly oftener than about twenty 
times per second, there is a resulting hum whose pitch 
„ J . rises with the rate of the vibration. If, then, 

Sounds ' 

Made by one has at all a musical ear, he can tell the rate 
of movement of an insect's wing by the pitch 
of this sound. If this pitch is middle C of the piano, 
the rate of vibration is 256 per second; or the C which 
is an octave below this is 128; still an octave lower is 
64. The C above the middle C of the piano is 512 per 
second, while the second C above the middle is 1024. 
Knowing the vibrations for C in any octave, the vibra- 
tions for any note above C can be easily obtained as 
follows: D is always produced by | as many vibrations 
as the C immediately below it; E, by ^; F, by ^; G, 
by ^; A, by ^ ; B, by J^ as many as the C below; the 
next C doubles the number. It will be found that the 
bumble-bee, whose pitch is about E below the naiddle 
C, moves his wings at the rate of one himdred and 
sixty vibrations per second, while the honey-bee waves 
his wings about three hundred and eighty-four; the fly 
is still higher, at about six hundred and forty, while the 
mosquito brings the astonishing record up to nearly a 
thousand. 

86. There are many insects of every different group 
that for some reason or other have completely lost 
their wings. The great body of worker ants, for in- 
stance, have no wings. There are wingless wasps and 
wingless butterflies, wingless crickets and very many 
wingless bugs. It will puzzle the beginner to tell the 
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group to which such insects belong because, as I have 
said, insects are classified primarily according to the 
number and structure of their wings. The scientist has 
learned by the study of other parts of the wingless 
body, especially the mouth parts, and by the iii«««*s- 
Ufe history, to tell the group to which these insects 
belong, but they will often puzzle the beginner. 

87. The brain of an insect resembles our brain in 
little more than that it is placed in the head and that 
it forms the front end of the double nerve-cord run- 
ning the entire length of the animal. It is, 
accordingly, very hard to judge much con- insect's 
ceming the mental life of an insect. Of one '*^* 

thing we may be quite sure; it is diflPerent from ours, 
and their action is far more mechanical than ours, 
and much less dependent upon anything worth calling 
a will. The eyes are evidently intended for sight though 
how much they see, or perhaps to put it better, how 
much the insects realize that they see, it is -^ 

often hard to tell. Almost everybody has insect's 
heard that the fly has a "thousand eyes." ' 

This is not true in any exact sense of the word. On 
looking at any insect closely, sometimes by the naked 
eye, sometimes through the help of the lens, these 
compound eyes, as they are called, are easily made out. 
In the dragon-fly they are so large as to make up three- 
fourths or his entire head and the separate portions, 
looking much like honey-combs, are large enough to be 
distinguished without the help of a inagnif3dng glass. 
On examining an insect it will be noticed that the 
compound eyes are so rounded that some of the facets 
point forward, some upward, some outward, and some 
quite distinctly backward. These are the insect's eyes 
for seeing things at a distance, and he can look in nearly 
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every direction without turning around or moving his 
head. 

But, just as many people have two regions in their 
glasses, one for looking at things at a distance and one 
for things near at hand, so insects have two sets of eyes, 
one for far vision and the other for things near by. 
The set for near vision can be easily found in the case of 
the bumble-bee or of the grasshopper. Looking care- 
fully in the middle of the forehead between the big 
compoimd eyes, there will be seen three shining little 
spots, two of them above and one below. These are the 
simple eyes. In spite of all this arrangement for seeing, 
it is certain that insects as a class see very indifferently. 
It is evident that bees can see flowers a great distance 
away, though this seems to be more true of blue flowers 
than it is of yellow. I think it is also plain that they 
tell merely the patch of color and that the shape of 
things is not clear to them imtil they are very near at 
hand. I am sure that hornets cannot clearly distinguish 
flies, which are their usual food, from black currants 
or even from nail-heads until they get within at least 
two inches, and even then they often fail to distinguish 
them until they Ught upon them. For this reason, it 
seems as if we must be slow in concluding much as to 
what it is that insects really see. 

88. But if it is hard to tell in the case of the eyes 
just what information insects get from them, it is still 
The Use ^^^e diflScult to tell to what use they put the 
of the slender, jointed rods which stick out from the 

Feelers 

front of their head and which are commonly 
known as feelers. With some insects it is clear that 
these instruments really are organs of touch. In the 
ants, for instance, no two ants from the same hive pass 
without touching each other by means of the feelers, 
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so that these are seen in their case to be used as some 
sort of means of communication. These feelers are very- 
different in shape in the different orders of insects. 
In butterflies, they are long slender rods with knobs 
at the end of them; in the moths, they are extremely 
feathery. The commonest form for them to take is 
that of the series of short joints such as we notice in 
the grasshoppers or the long-horned beetles. In the 
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bees only one of the joints near the head is long 
and the others are short, giving the feelers rather the 
appearance of a flail; while beetles of the Jime-bug 
family have three flaps which can be folded over each 
other or spread like the segments of a fan. While it is 
true that these feelers may be organs of touch it is very 
sure that in many insects they are organs of smell. 
In the case of the ants it has been clearly discovered 
that different joints in the feelers smell different sorts 
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of things. This is probably true also in the case of bees, 
though ants are so blind and live so much by the sense 
of smell that it is probable this sense is more developed 
in their cases than in that of almost any other insect. 

89. It is difficult to decide in the case of most insects 
whether they hear at all. Lord Avebury has decided 
that ants are without power to hear any sound that is 
within our range. There are organs in many insects 
^ , which are believed to be used for hearing but 
tionof they are so very different in structure from 
thfiEan. ^^^j^ other and are found on such various 
parts of the body, that it is hard for us to be sure we are 
right. The best case amongst the insects has probably 




Fia. 6— The Katydid 

been made out for the grasshoppers and their kind. 
These insects clearly attract each other's attention by 
making a noise. Grasshoppers fiddle to their mates by 
rubbing the inner side of the hind leg against the folded 
edge of the long top wing. To correspond with this 
power to make the noise, we have an organ which can 
catch this sound, and this, in the case of the grass- 
hopper, is placed near the bottom of the side of the 
last joint in the thorax and is completely covered by 
the wing excepting when the animal is in flight. The 
katydids, which are first cousins to the grasshoppers, 
get their name from their well-known power oi singing 
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to their mates. It is popularly believed that the male 
sings out the accusation. " Katy-did, " to which she is 
supposed to reply, '*Katy-didn't." As a matter of 
fact, Katy never repUes at all; because, in this group, 
only the males have the power of making a sound and 
the females are absolutely silent. If you will catch a 
katydid and it proves to be a male you will find that 
the left wing, near the thorax and the top of the body, 
folds over a similar triangular patch on the right wing. 
In this left triangular fold there is a transparent spot, 
and on the under side of this is a rib with teeth on it 
Uke the teeth on a file. Projecting from the top of the 
right triangle is a knob which can be rubbed against 
the teeth on the left file, and by this process the soxmd 
is produced. I can make a dead katydid sing the first 
syllable of its song though I have never succeeded in 
determining how it changes the position of its appa- 
ratus so as to produce the other syllables. The cricket 
makes his lively night-song to his voiceless mate in a 
fashion exactly like that of the katydid, and it is inter- 
esting to note that both of them have their ears in the 
same strange place. On examining the front leg, just 
below the knee on the back of the tibia, there will be 
foimd a small drum which has been recognized as the 
ear of these creatures. 

90. In any animal the natiu-e of the mouth must be 
very closely adapted to the nature of the food which 
this creature is intended to eat. Insects are 
of so many kinds, and the nature of their food Biting 
and the way they eat it is so varied, that it is 
not imnatural that their mouths should vary to just 
the same degree. It is, however, clearly possible to 
distinguish two great types of the mouth in insects. 
One of these is the biting mouth, that is, the mouth 
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provided with jaws which are intended to break off 
pieces of solid substance. The other type of mouth is 
the sucking mouth, and is found in such insects as con- 
fine their feeding entirely to the juices of animals and 
plants. In this case, the mouth is always formed into 
some sort of a tube. Grasshoppers, feeding as they do 
on the vegetation, and beetles, which eat pollen or 
young buds or dead bodies of animals, must be provided 
with jaws. The dragon-flies are insects of prey; they 
pursue and capture flies, mosquitoes, and such other 
insects as hover over the water. These, too, must have 
jaws. The nature of the jaws can be most easily made 
out by looking closely at the mouth of the big grass- 
hopper or of the big brown beetle. Here it will be 
noticed that there is, first of all, a front lip. Back of 
this lie the sharp, strong, shiny, hard jaws which do 
the real biting and which in some of the beetles are pro- 
longed sufficiently, especially in the males, to give to 
these insects the name of pinching-bugs. Back of these 
hard jaws is a pair of soft jaws each of which has on it 
a small feeler. These help in holding the food to the 
mouth, so that the hard jaws may properly work upon 
it. Behind these again is a hind lip, provided with a 
pair of feelers. These feelers on the soft jaw and on 
the hind lip are probably provided with nerve tips for 
gathering information concerning the things which are 
being eaten. 

91. There is another and entirely different type of 
feeding on the part of many insects. Every one has 
noticed that the common house-fly has hanging from the 
front of his head a sort of a trimk, like that of the 
elephant, and that this is flattened out at the bottom. 
Any one who has watched a fly feed has seen how this 
flat end of the tnmk is applied again and again to the 
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material fed upon. Still more interesting is it to watch 
the mosquito feed. This can easily be done if one will 
but lay bare his arm and, as a mosquito draws near, 
place the arm so that he will light upon it. -,, 

From the lower side of the head there pro- Lapping 
trudes a sharp organ made up of two shining 
sides and a sharp central tongue. These sides are 
worked alternately until a hole is made in the skin. 
Now the central tongue is pushed down until it reaches 
the lower layers of the skin and penetrates the capil- 
laries. The pumping motion of the mosquito is very 
clearly perceptible and the creature can be seen to grad- 
ually swell as it becomes gorged with blood. 

92. Quite as interesting is the mouth of the butter- 
fly. Here a long slender tongue is coiled like a watch- 
spring between two furry jaws which press lightly on 
either side of it. It is not difficult without harm to the 
Uve butterfly to insert a pin within this coil ^^ 

and imroU this long tongue. It will quickly Sucking 
roll itself up again. If one will notice the 
butterfly as he approaches a flower it will be seen that 
he must uncoil this tongue and insert its tip into the 
mouth of the flower, pushing it down until he has sucked 
through it the small amount of nectar which has been 
secreted there. Such mouths as this, of course, must be 
tubular, but it is interesting to know that scientists 
have made out that, whatever may be the shape of this 
tubular mouth, whether it be adapted to lapping like a 
fly, or to piercing like the mosquito, or to drawing up 
the nectar like the butterfly, it is still a development 
of the old mouth, with just the same number of lips 
and jaws that we found in the grasshopper and in the 
beetle. But these have been modified by long gen- 
erations of altered habit until now the mouth has 
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taken very varied forms in the different orders of 
insects. 

93. On looking along the abdomen of a grasshopper 
it will be noticed that this part of the body is made 
up of rings and that each ring has a break in it near the 
bottom of each side. Just above this break there will 
g^^ be noticed a spot nearly Uke a pin-hole in 
iMWJta each of the sections. Through these openings 

"* ' it is that air enters the insect's body. These 
mouths open into a long pipe passing along either side 
of the insect's body from head to tail. From these 
main pipes, branches run to all parts of the body and 
pass the air directly to whatever organs happen to need 
it, instead of distributing it through the blood. If one 
can find one of the big green caterpillars, it will be very 
easy indeed to see through the transparent skin the 
throbbing of the heart, which runs the entire length of 
the back, while at the same time the openings into the 
breathing pipes can be very plainly noticed in every 
section of the animal's body. 

94. There is such a wide variety of coloration in ani- 
mals and plants that it would at first sight seem diffi- 
cult to find any general principles to account for the 
distribution of color. But there is a reasonable agree- 
ment amongst naturalists that the color scheme of 
most animals and plants divides itself rather naturally 
Protective iiito two scctious. This is particularly true 
cjoioration. j^ ^j^g animal world, where the two great 
schemes of coloration correspond to two great primi- 
tive emotions in the animal itself. The one great over- 
mastering emotion in the animal world is naturally 
fear. We must not imagine that the life of animals 
is overshadowed by the sort of emotion that we should 
feel if we were constantly in great danger. It must 
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none the less be true that sudden fright and quick action 
as a result are very common in the life of most animals. 
Corresponding with this constant danger is a scheme of 
coloration which naturaUsts have come to call protec- 
tive coloration. The animal according to this scheme 
escapes the danger by being colored so nearly like the 
surroundings in which he ordinarily lives that, so long 
as he remains quiet, he is not likely to be noticed by 
his enemies, and thus he escapes their attacks. The 
animal himself is doubtless unconscious of his likeness 
to his surroundings. But nature has worked the scheme 
for them. In each generation those that are least like 
their surroundings are picked off by their enemies. In 
the course of a long time, many of the creatures have 
come to look very much like the surroundings in which 
they live. 

95. There often comes into the house, attracted by 
the evening lamp, a sort of moth whose triangularly 
folded wings look very conspicuous on the wall where 
we find it. Next day the gray and brown mottled 
wings offer a striking contrast with the wall ^^ 
on which he sits, and few people could realize Underwmg 
that there is anything protective about the 
coloration of this insect. If, however, they could see 
him seated, as he naturally is, upon the bark of a tree, 
the safety of his color would be apparent. Even when 
one has seen such a moth settle upon the tree and 
believes he knows just the spot at which it alighted it 
is still very difficult to capture this moth with a net 
because it is so nearly like the bark on which it sits 
that one can never be quite sure he sees it before the 
moth flutters away. 

96. The katydid, too, is a very conspicuous insect 
when we have him in our hands or he lights upon a 
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house. But the katydid is a night-fljdng animal, by 
choice, and under ordinary circumstances he rests during 
the day upon the leaves of the trees. Certainly when 
The the katydid is resting amongst the green 

Katydid, leaves it is very difficult to find him. Not 
only is his color deceptive but the veins in the insect's 
wings make its resemblance to the leaf very strong 
indeed. 

97. Many small grasshoppers live upon the grass. 
These have wings which are colored green like the 
katydids. Those grasshoppers which are more apt to 
hop about the ground and down amongst the stems, 
^^ are very much mottled with , gray and red 
Graashop. and browu. Every country boy knows the 
^'^ ^' absolutely dirt-colored grasshopper that is so 
common in the cornfields. When he has once lighted 
upon the dry ground he is almost indistinguishable. 
Indeed this grasshopper has a very interesting trick. 
When he lights upon the ground a watchful enemy 
would be likely to gather him up were it not for the 
fact that so soon as he reaches the ground, instead of 
stopping on the spot where he lights he turns aside for 
some distance and then remains absolutely quiet, 
usually face towards you. It is almost impossible to 
see him imder such circumstances. All of these grass- 
hoppers have bright colors about them but, except 
when flying through the air, they keep them entirely 
concealed. 

98. Few things look more conspicuous than the big 
green caterpillars when we find them creeping along 
Green the pavement, but this is not their natural 
caterpiiure. gjtuation. When they are eating the leaves 
of the trees upon which they commonly feed none but 
the practised eye will see them. 
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99. The protection that can come from coloration is 
often aided by the form of the animal itself. No animal 
could illustrate this more clearly than does that peculiar 
insect sometimes known as the walking-stick, rjuj^^^^j^ 
In this insect, a long slender body with at- ing-stiok 
t^nuated legs has every appearance of being a ^^^^ ' 
twig with dry branches projecting from it. I think 
there can be little doubt that the above explanation 
truthfully accounts for the coloration of a very large 
number of animals. 

100. There is more discussion amongst naturalists as 
to what is the part that brilliant coloration plays in the 
animal world. I beUeve there is a fair agreement amongst 
scientists that the action of attractive colora- ^ _ ^ 

Do Inaecta 

tion, of which we shall now speak, is valid in Care for 
the case of the birds. There are very many °"' 

naturalists who doubt whether insects show any tend- 
ency to select their mates by particular preference. It if 
were necessary for the insects to think about the matter, 
or even to know that they had the preference, I should 
be slow to imagine there is any such thing as selection 
of the mate in the insect world; but I believe that the 
whole process is utterly unconscious but none the less 
effective even amongst insects. 

101. The bright coloration, then, probably corre- 
sponds to the emotion of attraction in animals, just as 
the protective coloration corresponds to the emotion of 
fear. While a dull color will help an animal Attractive 
by allowing it to escape its enemies, a bright Coloration, 
color will be very valuable to it in attracting a mate. 
As between two butterflies of the same kind it seems 
not imUkely that 'the brighter and fresher fly, other 
things being equal, will be more certain to win a mate, 
and thus more likely to hand on bright color to its ofif- 
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spring. Thus in generation after generation the bright- 
est insects succeed best in the critical process of winning 
a mate. As the duller flies fail, gradually most butter- 
flies have come to be brighter colored. 

102. It will be noticed at once that these two prin- 
ciples of coloration are contradictory to each other. 
Dulness of color hides from the mate as well as from 
Attraction *^® ©nemy, and brightness of color is just as 
versus efifectivo iu showing up the presence of an 

^ ^^^' insect to its foes as to its friends. Accord- 
ingly, we see a constant struggle between these two 
forms of appearance. Dragon-flies, for instance, are so 
rapid on the wing and themselves so ferocious that they 
can afford to be bright colored without serious danger. 
In the case of the beetles the hard shell is a very con- 
siderable protection and these too are often bright 
colored; but, whenever there is imusual brilliancy, it i& 
very apt to be the case that these creatures are very 
quick in their movements or have an unusually disagree- 
able odor and probably flavor. 

103. It is amongst the butterflies that we find the 
most remarkable colors in the insect world. These 
beautiful creatures feed upon the nectar of flowers and 
Attractive SO it is uot diflBcult for us to imagine that their 
Butterflies, gy^g j^ayg leamed to discriminate between 
colors. If, then, there is such a thing as selection of 
mates amongst butterflies, it is not hard to understand 
that color would largely be the basis of selection, and 
hence we ca,n understand the brilliant hues which cover 
the wings of the butterflies. But these creatures are 
very defenceless and would be in great danger were it 
not for the fact that they fly with a very jerky flight, 
never moving for any considerable distance in any one 
direction. This makes it very difficult for birds, which 
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are their natural enemies, to catch them while they 
are on the wing, and when they rest the butterflies have 
a habit of folding the wings erect and in such a way 
that the thin edge of the wings only is noticeable to the 
bird flying above them. If a bird should look at them 
from the side while they are sitting upon a flower, it is a 
remarkable fact that he would see a far duller set of 
colors on the under side of the wings, which are now 
exposed, than covers the upper side of the wings, now 
concealed by their being placed against each other. 

104. There are a very few insects which can afford to 
be bright colored without danger, because they them- 
selves have a sting for their defence. This is the case, 
for instance, with the wasps and the bees, wamin* 
many of which are brilliant in color and the Coio™. 
sting is so formidable a weapon that these bright colors 
can be safely carried. Indeed some naturalists believe 
that such cases as these may be properly called warning 
colors, because by them other animals clearly recognize 
the species, at least after a little experience, and pass 
them by. 

105. There are few classes in the animal kingdom 
which have so many enemies as have the insects. They 
often prey upon each other. Dragon-flies shoot about, 
picking up almost any flies or insects they see 

above the marshes. The killer-fly darts Enemies 
swiftly along the open road, pursuing and j^J^ 
plunging his cruel beak into his weaker cap- 
tives, while the hornets hover aroimd picking up flies 
and the digger-wasp goes picking spiders off of the flat 
sheet webs. But this makes a small part of the insects 
that fall a prey to voracious enemies. Birds apparently 
eat more insects than any other class of animals. Swal- 
lows skimming over the meadows and the waters pick 
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them up by the thousand. Woodpeckers dig their 
grubs out of the deca3dng wood of the tree. Fly-catchers, 
fluttering down from their open perch, pick them from 
every sunny field, while the meadow-larks and the 
partridges, not to mention our domestic fowls, keep 
gathering them in. A smaller portion fall a prey to 
many of our snakes, the garternanake being particularly 
active in this respect and often not eating much else. 
Toads live very largely on insects, eating great numbers 
of them, these and snails being their particular food. 
When by any chance a fluttering insect drops into the 
water, the more he struggles the more certain he is to 
be picked up by the fish. Even i^me of our smaller 
mammals such as the mole and the bat find not a little 
of their food in this group. With such great numbers 
of enemies it is not unnatural that insects should be 
provided with various devices to aid their escape. The 
main provision against being wiped out is undoubtedly 
the fact th^ insects multiply very rapidly. I suppose 
one hundred eggs would not be a large average in the 
insect world, and in many species there may be three, 
four, or even five generations within a single year. 
Hence the natural rate of multipl3dng is sufiiciently 
rapid to insure a good chance of survival. Many of 
the insects move about with such great rapidity that 
they readily escape their enemies. Such is the case 
with very many of the flies whose flight is so very rapid 
and even so jerky as to make them difficult to capture. 
I have little doubt that the same result is often secured 
by the habit, which many insects have, when they 
hover in the air, of not staying strictly in one place but 
instead of raising and lowering their position, though 
it be only for a few inches at a time. Sometimes these 
insects hover in small circles. All these methods nmke 
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it exceedingly difl5cult for swallows or fly-catchers to 
capture them. 

106. The beetles are covered with so hard a shell that 
they often escape where other insects equally large 
would readily fall a prey. Birds that catch dragon-flies 
and pound them to pieces for their young could do little 
with beetles of anything like the same size. insect 
Not a little of protection comes, as has already i^'e'ises. 
been said, from the great resemblance in color and some- 
times in form between many insects and the background 
on which they habitually live. Still another efficient 
means of protection is found in the sting and often in the 
nauseous odor, these insects doubtless tasting as bad as 
they smell. This bad odor is very common in the group 
known as the true bugs. The squash-bug is very oflFen- 
sive. There are not a few amongst the beetles which are 
very ill smelling. It is very remarkable how few of the 
insects have even the faintest power to poison by the 
bite. Popular stories to the contrary notwithstanding, 
the one really severe weapon at the disposal of almost 
all insects is the sting, and this is foimd only amongst the 
bees or wasps and a few ants. The rest of the insect 
world is without power to sting. There are repeated 
stories of the stinging power of the cicada, the so-called 
locust, but they are all false. It is very easy to find the 
rather large organ beUeved to be the sting but it does 
not sting. The sting of an insect is always a modifica- 
tion of the egg-placer and for this reason must of course 
be confined to the female. In the group of insects men- 
tioned above, the ants, bees and wasps, the egg-placer is 
often sharpened to a fine point and provided with a 
gland which secretes the irritating fluid introduced into 
the woimd. This fluid, by the way, is almost always 
acid and its irritating power is readily neutralized by a 
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drop of ammonia promptly applied to the wound; in 
the absence of ammonia, baking soda with a little water 
will answer nearly as well. 

107. There are some of the lower forms of life Uving 
in the water that multiply with enormous rapidity, but 
with the exception of these, insects probably surpass the 

rest of the kingdom. This is partly because 
Dncon-fly'8 they lay so many eggs and partly because in 
^*'' many cases three weeks will cover the whole 

life history of an insect. In a long and dry summer 
there may be many broods. The eggs of insects are com- 
monly laid on or near the food on which the yoimg are 
to live, and the eggs once laid the mother in most cases 
pays no further attention to them whatever. It is 
interesting to watch a dragon-fly laying her eggs. She 
hovers over the siu^ace of the water, curls down her 
abdomen, suddenly plunges the end of it into the water 
and promptly draws it out again, making a little splash. 
Each time the abdomen penetrates the surface of the 
water an egg is protruded. If this were dropped upon 
the surface of the water it would swim away, but inas- 
much as the mother has pushed it under the surface, 
the egg slowly sinks to the bottom. 

108. Butterflies will often be seen flying industriously 
from plant to plant, alighting not upon flowers but upon 
the leaves themselves. They then usually creep around 
j^ to the underside of the leaf. In such cases it 
Butterfly'8 will be Ordinarily foimd that the butterfly has 

**"* deposited its eggs, to which it will pay no fur- 
ther attention and from which the young caterpillars 
in due time will emerge. It is interesting to see how 
many species of butterflies confine their egg pladngs to 
a single kind of plant or to a very restricted number of 
plants. Our common brown monarch butterfly con- 
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fines its attention to the milkweed. The black swallow- 
tailed butterfly places its eggs on the members of the 
parsley family, while the presence of the zebra swallow- 
tailed butterfly may be taken as sure evidence that 
somewhere not far away one may expect to find a paw- 
paw bush. I think sometimes the same butterfly varies 
in this respect in diflFerent parts of the coimtry. The 
larva of the promethea moth feeds both upon the spice 
bush and upon wild cherry, but I think in Pennsylvania, 
west of the mountains, it prefers the wild cherry to the 
spice bush, while in southeastern Pennsylvania the spice 
bush certainly has the preference. The nile-green moth 
with long slender tails, properly known as the luna 
moth, deposits its eggs chiefly upon the hickory, and 
the same is true of the imperial moth, a splendid light 
red-brown moth with a yellow dashing through the wing. 
The larva of this moth has a most ferocious appearance. 
Its many back-curving horns and its habit of apparently 
viciously darting at anjrthing that touches it have gained 
for it the formidable name of the horned hickory devil. 
The common house-fly for the most part de- ihBFiy's 
posits its eggs in the droppings of horses and ^^•■■* 

cows, and the presence of a stable or of uncovered 
manure-piles near a house is sure to result in large num- 
bers of flies. The shining metallic blue fly hunts around 
for dead flesh in which to lay its eggs, and meat intended 
for food should be always carefully kept away from the 
posfflbility of visitation by these flies. 

There are two interesting groups of insects closely 
related to each other that are very interesting in this 
respect, the gall-fly and the ichDeumon-fly. These are 
lowly members of the great bee order. The gall-flies 
deposit their eggs in the tissues of growing plants. The 
egg thus introduced soon yields up its yoimg larva. For 
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some reason or other the presence of this egg or of this 
larva produces irritation in the plant and causes an 
unusual growth at this point. The little red horns 
TheGaU- that stick out of the maple leaves are such 
fly's Eggs, gaiig^ The large gray balls filled with powdery 
hair so common about oak trees are produced in this 
way. The golden-rod often has swellings of this sort in 
its stem, while throughout the northern part of our 
coimtry the tips of the small willows that grow by our 
streams often bear what looks like furry gray pine cones. 




Fio. 6— Thb Ichnxumon Flt's Ck>coom 

In every case a cut into the heart of these structures 
will show the presence of the animal within. Ichneu- 
mon-flies are more heartless in their habits; they lay 
their eggs inside the bodies of caterpillars. Any one 
who grows tomatoes will probably have noticed a long, 
green, so-called worm, with a horn on its tail. This is 
really the larva of the five-spotted hawk-moth. Late in 
the season it is not uncommon to see these larvae look 
as if they had little rice grains pasted over the sides of 
^^ them. The truth of the matter is an ichneu- 

ichneumon- mou-fly has punctured the skin of the back of 
^" * one of these caterpillars with its egg depositor, 
running down into the flesh of the creatures twenty- 
five or thirty eggs. These eggs develop and the young 
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that emerge feed upon the fat and connective tissue of 
the larva and, when they are ready to transform into 
adult ichneumon-flies, each eats its way through the 
skin of the larva to the outside, and spins over itself its 
silken case, making it look like a rice grain. These 
cases drop to the ground, and later yield up the adult 
ichneumon-flies, while the larva, robbed of all its stored 
nourishment, dies. 

109. To one who is not familiar with the subject of 
insects it would be a very difficult matter to foretell 
what sort of a creature is to come out of the eggs. Of 
course we imderstand that in time the creature 

will come to look like its parents, but there Kinds of 
may be no resemblance whatever between the ^^^^ 
young thing and that which it is to be. A 
grasshopper looks in most respects much Uke his parent. 
But no Uttle fly ever gets to be a big fly and no big fly 
ever was a little fly. A fly is a maggot until it has its 
full si2se, and it does not become a fly imtil it is as large 
as it ever will be. The same is just as true of the beetle 
and butterfly, the mosquito or the bee, and of many 
other insects. Few people realize that the so-called 
worm in the chestnut is the young of a beetle whose 
mother has placed the egg in the pimcture which she 
had made in the growing bud. This larva has grown 
up in the chestnut and when it is full grown will eat its 
way out of the nut and burrow into the ground, on 
which the nut is then lying. It will there pass through 
its resting stage and will come forth a beetle like its 
parents, ready to pimcture fresh chestnut blossoms. 

110. Every teacher probably knows that caterpillars 
turn into butterflies, and many a school child ^^ 
has watched the spinning up of the larva of 

one of the big moths into its silken cocoon, and later 
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has been delighted to see the beautiful moth come out 
of the case. 

111. Backboned animals have their skeletons on the 
inside of their bodies, and there is enough animal matter 




Fig. 7 — ^Thb Grasshopper's Lifs History 

in them to make it possible for them to grow as long as 
the animals grow; but the insect's skeleton is upon 
the outside and is practically dead. A young grass- 
hopper finds it impossible to increase in Aze. By 
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eating perdstently he only succeeds in packing himself 
tighter on the inside and he must soon feel a sense 
of great pressure. Under these circumstances, it must 
be a relief to him to find his skin split across the ^ 

neck and down the back. Out of this opening Growth 
the insect creeps, leaving the old shell behind. ° '^^^ 
For a few hours his new skin allows him to grow very 
rapidly and then hardens once ciore. He again eats and 
again packs himself most tightly in this larger skin, 
when it splits and he emerges, once more to grow for a 
few hours. This process repeats itself at intervals of a 
week or so. After six emergences, our red-legged grass- 
hopper has attained its adult form. In all these stages 
he is readily recognized as a grasshopper, although it is 
only in his last stage that he has usable wings. 

112. This process of casting the old skin is quite as 
regular in caterpillars as in grasshoppers, and casting 
these creatures must molt again and again, **ieSkin. 
their color often changing with each molt. All the 
growth the butterfly gets is crowded into its caterpillar 
life, and there are not a few butterflies in which there 
is no food taken after the caterpillar life closes. 

113. There is a very general supposition that cater- 
pillars are not safe to handle and that they irritate if 
not poison our skin. I have handled very many of 
them and I know but two that are very irri- irritating 
tating to handle even to the most sensitive Caterpillars, 
skin. The larva of the lo moth is one of these. It is a 
green larva with a purple band along the side and is 
covered with sharp knobs which bristle with pointed, 
stinging hairs. This larva is foimd most commonly on 
the corn, and if it comes against the tender parts of the 
flesh it produces a very decided swelling which burns 
rather severely. Even this caterpillar has no power to 
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penetrate the tough skin of the palm side of the hand, 
and if handled very carefully may be handled safely. 
There is another larva known as the saddle-back which 
is more irritant even than the lo. This is a little cater- 
pillar, jectangular in shape, bright green in color, 
with an oval dark spot in the middle of its back which 
gives it the name. This little fellow is tufted with short 
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and bristling hairs which have in them a very irritating 
secretion. This larva, too, may be handled in the 
fingers if care is taken to prevent it from touching the 
delicate parts of the hand. I believe these are the only 
two of our common caterpillars which produce any 
unpleasant effect. The rest of them may bristle with 
horns and may dart savagely at you when you touch 
them but they are entirely without power to do harm. 

114. In most cases the young insect looks utterly 
unlike its parent. This emerging insect grows rapidly 
and still looks no more like the adult form. Often its 
food is altogether different from that of its parent. 
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and at the same time its method of locomotion is 
absolutely different. Under these circumstances it is 
necessary that the animal should undergo a change. 
While this change is taking place it is practi- ^^^^^^ 
cally impossible for it to either move about from Tranrfor- 
place to place or to take food. Accordingly there ™* ^^^' 
has been interposed between the larval and adult stage 
a strange resting form known as the pupa. Taking 
our most familiar example, the butterfly, we find that 
since emerging from the egg in the shape of a little 
caterpillar, this creature has been growing rapidly, and 
shedding its outer skin at short intervals. When it has 
grown to its full size, it retires to some protected spot 
and hangs itself up by a silken strap from the tail or 
about the shoulders. Throwing off its last caterpillar 
skin, it now looks entirely unlike either the caterpillar 
it was or the butterfly it is to be. As it hangs here in 
this strange form, its internal organs practically melt 
away; buds spring from the inside of the body wall and 
gradually grow to become the legs and wings of the 
approaching butterfly, all still snugly packed up inside 
the pupa skeleton. At the same time the digestive organs 
are completely transformed. It was the habit of the 
caterpillar to eat leaves and such like material. The 
butterfly is to gather nectar, which is practically sugar 
water, through a long and slender tongue. Such utterly 
different food i^mplies a difference in the organs which 
deal with it. The homy jaws of the caterpillar must 
give place to the slender tongue of the butterfly, while 
the internal changes are nearly as far-reaching. This 
change may take place quite rapidly, especially if the 
weather be warm, and a week or at most two may 
suflSce to transform the caterpillar into a butterfly; 
but should the weather be cold, as will be the case late 
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in the summer, the transformation is Ukely to stop, 
and the pupa, as this stage is called, will be the form in 
which the insect passes the winter. As spring ap- 
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preaches the process begins afresh and the internal 
changes are completed. The return of warm weather 
brings out the butterfly. 

115. No less interesting is the case of the common 
hawk-moth. This, it will be remembered, is the name 
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applied to the adult fly whose long larva infests tomato 
and potato vines. It is the larva with the horn on its 
tail. When the time comes for this insect to transform, 
instead of hanging itself up, as the butterflies The Hawk- 
do, it burrows into the ground and there ^®*^* 
makes itself a little room in which it passes through its 
change. This is the odd brown creature with a tongue 
like a pitcher handle, which the plow so often turns up 
in the old potato- or tomato-patch. 

116. The true moths, at least those of the spinner 
^oups, instead of hanging themselves by a few threads, 
or of burjdng themselves in the groimd, make for them- 
selves very interesting silken cases. Any one who finds 
one of the big caterpillars and pens it up in a 
box with a glass lid, will be interestingly re- 
warded. The caterpillar must be fed the sort of leaves 
to which it is accustomed. Fresh and tender material 
must be supplied each day. After the animal has eaten 
all he cares for, and can not be tempted with new food, 
all of the leaves should be taken from the box. The 
caterpillar now begins to roam about the box, leaving 
behind itself constantly a silken thread which gradually 
covers all of the walls of the box. Then threads begin 
to be spanned across the box and grow more and more 
abundant, until the accumulating silk completely con- 
ceals the caterpillar from view. Long after this, he may 
still be heard working inside the box. After a day or 
two of this work all is quiet, and the caterpillar has gone 
into his pupa state. This silken covering of the pupa is 
known as a cocoon. Sometimes it is made entirely of 
silk; sometimes the caterpillar uses leaves with the 
silk. But the case usually consists of an outer wall, 
a loose fluffy layer beneath this, and within a tough 
inner lining, all being of silk. This case is absolutely 
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waterproof, and cold seems to have no terrors for these 
creatures. They undoubtedly freeze stiflE in winter 
time, but when spring comes they seem to be no worse 
for their experience. 

117. The mosquitoes are amongst the most interest- 
ing of the insects in this matter of development. The 
female insect after mating lights upon the siLrface of the 
water to lay her eggs. It is said this process goes on 

usually in the early morning before simrise; 
History* personally I have never seen it. The female 
MMquito. deposits flask-shaped eggs upon the surface of 

the water in such a way that the eggs stand 
upright and adhere to each other, forming a packet that 
may be a quarter of an inch long and one-eighth of an 
inch wide, and contains probably one hundred and fifty 
eggs. In a comparatively short time (the length de- 
pending upon the temperature) the young larvae emerge 
from the lower end of the eggs and swim about freely in 
the water. At this time they are so small as to look as 
if the vessel in which they are being reared has been 
wiped with a cloth, which left lint upon the surface of 
the glass. But this fine lint soon proves to be the young 
mosquito larvae and they lead a most active life. These 
are the "wrigglers" so common in every country rain- 
barrel. Sometimes they are pumped up from a cistern. 
Every now and then one of them comes to the surface 
of the water, and sticks the tip of a side branch, which 
springs from near the tail, up to the surface of the 
water. This side branch ends in a rosette, which can be 
opened or closed when the creature reaches the surface. 
He opens the rosette and takes air into his breathing 
system, closes the rosette and jerks rapidly away through 
the water. Meanwhile his jaws, which are beset with 
tufts of hair-Uke attachments, are working with a con- 
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stant, whirling action, which forces into his mouth the 
small green plant matter, microscopic in size, which 
floats freely through the water. In a couple of weeks, 
these wrigglers will have cast their skin a half dozen times 

if the weather is 
warm, and at the 
last casting will 
come out utterly 
transformed in ap- 
pearance. Now a 
large and rounded 
head has a slender 
body attached to 
it, while from its 
upper end, two 
horns project. This 
is the pupa stage 
of the mosquito, 
and its habits of 
life are altogether 
different. He no 
longer eats. His 
movement through 
the water is dif- 
ferent in charac- 
ter; before this, he 
was heavier than 
water and imless 
actively swimming 
seemed to settle to 
the bottom. Now, unless he is actively at work, he floats 
regularly at the top, his two horns serving instead of the 
rosette near the tail to admit air to his breathing system. 
In this stage the transformation of the internal organs 
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goes on, and when this skin splits there emerges from it 
the adult mosquito. When this is to happen, the pupa 
floats close to the surface, its skin spUts down the back, 
and out of the opening the full-fledged mosquito slowly 
pulls itself. It stands for a moment with expanded 
wings on the floating pupa-case and then relinquishes 
it to try its new form of Ufe. So long as this creature 
is in its larval or pupal stage it seems to bear freezing 
with impunity. The water in which these wrigglers Uve 
may become a solid cake of ice and yet when it thaws 
they seem quite as active as before. 

118. The adult Ufetime of many insects is only a day 
long; a week is a considerable Ufe for many more, a few 
months is old age, and only now and then is there a rare 
Insects in spccies in which the adult lives for more than a 
Winter. year. These exceptions are chiefly in the group 
containing the ants, the bees, and the wasps. Amongst 
such members of these groups as store up food for the 
winter, the length of life is sometimes greater. Lord 
Avebury tells of an ant queen which he kept for fourteen 
years. But a large proportion of insects spend but a 
short adult life and pass the winter either in the egg or in 
the pupal condition. There is an interesting difference 
between the honey-bees and the bumble-bee in this 
respect. A colony of bees consists of one queen, who is 
Bees in a female capable of laying eggs, of many males 
Winter. capable of fertilizing a queen, and of large 
numbers of workers. These last are often spoken of as 
neuters, as if they had no sex, but as a matter of fact 
they are undeveloped females who lack the power of 
laying eggs. In the case of the honey-bee, a hive in 
winter time will contain one queen, thousands of workers, 
and hundreds of larvae or pupae which will not be adult 
bees until the following year. The case of the bumble- 



THE INSECTS 123 

bee is entirely different. A female bee is fertilized in 
the fall by a male, which promptly dies. The female 
Uves over the winter in some out-of-the-way cranny, 
and in the spring starts a new home for herself mider 
the ground or in a hollow fence rail. Here she makes a 
few nearly spherical cells, puts into them a syrup mix- 
ture of nectar and pollen, and deposits in this mixture 
a number of eggs. From these eggs emerge males and 
females who relieve her from all further work except 
the laying of eggs. They build the comb, make the 
honey, and feed the young. This process may continue 
until the fall, when the colony may contain a hundred or 
more bees. It will die out completely in the winter^ 
only a few fertile females living over until the next 
year. Each of these may start a colony of her own 
when spring returns. 

119. The principal mission of the insect during its 
adult stage seems to be that of securing a mate and 
depositing its eggs in an appropriate position. It is 
for this purpose that the grasshopper leaps ^^ 
into the air with quivering wings. It is for Mating of 
this that the katydid, hiding by day quietly ® ^^^ 
in the recesses of the trees, comes out at night and 
fiddles its plaintive lay to its attentive mate. For this 
the butterflies chase each other, doubling and pursuing 
one another, circling about each other and displaying 
to the utmost advantage their exquisite coloration. It 
is for this that the queen bee makes one of the only two 
trips in life that take her away from the hive. 

120. To most ant-hills there comes, perhaps twice in a 
year, a great wave of weddings. In all the little hills 
of the same species in any neighborhood, the impulse 
seems to arise at the same time. Out of these hills 
come the winged ants, the males being smaller and 
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much more numerous. A female, after wandering 
around a little, flies up into the air. She will be followed 
by several males from adjacent nests, with one of whom 
^^^ she mates. The males die within a few days; 

Matins of the fertilized female pulls oflf her wings, 
gathers about her a few workers, who are always 
wingless, and starts oflf to swell the ranks of an old 
colony or perhaps to found a new colony of her own. 

121. We have long known that the honey-bee was 
the friend of man, that is to say, we have imderstood 
that this little creature will gather and store the nectar 
and manufacture it into honey, in quantity far beyond 
Helpful his own needs. We have known very well 
^^^^^^' that we can rob the hive of a reasonable amount 
of this delicious substance and still leave enough for the 
maintenance of the brood until the following season, 
when more can be gathered. But it is only within com- 
paratively recent times that we have learned to appre- 
ciate their labors quite independently of any honey 
which they produce. Bees are very helpful to the 
flowers, and hence by indirection to ourselves. It is 
highly probable that our apples, pears, plums, peaches, 
and other fruits would give us but very Uttle return 
indeed were it not for the kindly offices of these creatures. 
The bees wander around over the blossoms, carrying 
the pollen from one to the other. Our grapes, too, 
would bring us but a slender crop if it were not for these 
busy creatures. In this beneficient work, the bumble- 
bee is scarcely, if at all, behind his better known friend, 
the honey-bee. 

122. It is a well-known fact amongst farmers that the 
first crop of clover each year contains very little seed, 
and that it is from the second crop that the great bulk 
of the seed must be obtained. The reason for this is 
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that when the first clover blooms, the newly-started 
bumble-bee colonies are as yet so small that very few 
of the clover heads succeed in becoming fertilized, but 
by the time this crop is mown and the second bocb and 
crop appears, the bees have multiplied and are clover, 
now abundant. Busily they probe the flowers of the 
clover, and the result is a large crop of clover-seed. The 
honey-bee will not answer for this work, because his 
. tongue is too short to reach to the bottom of the long 
red clover-blossoms. It is the white clover whose far 
shorter flowers are best adapted to the visits of this little 
friend. 

123. In this work of carrying pollen from flower to 
flower, the butterflies are also quite active, but their 
long and slender tongues are adapted particularly to 
those flowers whose corollas are developed g^t^erflies 
into narrow deep tubes. Hence it is that the Carry 
butterflies serve rather those flowers which we 
admire for their beauty than the blossoms whose fruits 
we eat. We are quite practical enough to be far more 
thankful for the fruit and the clover than we are for the 
flowers. 

124. Sometimes perhaps in going through the coun- 
try you have inadvertently turned up some small dead 
animal. From underneath it there scurried away a 
crowd of ill-smelling flat beetles, whose pres- insect 
ence in such a disgusting situation excited ^®*^®'*«*»"- 
your contempt. It is loathsome to think of an animal 
eating the decaying body of another animal; but if 
dead animals lay around until the ordinary process of 
decay had carried them away, this earth would be a 
much less pleasant place in which to live. 

125. Every one has noticed that no sooner is raw 
meat exposed in the summer time than it immediately 
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attracts considerable numbers of a shiny blue-green fly. 
Our first thought would naturally be that this insect 
comes to suck the juices of the meat, but its errand 
Blue-Bottle IS a doublo oue. While it is feeding it may 
^•*- at the same time deposit its eggs over the 

meat and these eggs soon begin to develop. From them 
emerge httle maggots, which eat their way into this 
flesh until the whole may become a quivering, swarming 
mass of maggots. Few sights are more disgusting, and 
yet this action of the maggots is a most wholesome one, 
indeed, for the blue flies do much to keep the atmosphere 
of the earth free from the reeking taint of putrid flesh. 
126. There is one group of insects whose advantage 
to us is an entirely indirect one. They help us, not by 
doing us any immediate good, but by helping to free us 
ichneumou from our enemies. I have spoken of the horn- 
Heipers. tailed larva, so common on our potato and 
tomato vines. A closely allied form is about equally 
common upon our catalpa trees; still another infests 
our grape vines; while a fourth is very destructive to 
the hops. The ichneumon-fly, which hovers over these 
destructive creatures, and inserts its eggs imder their 
crin^ng skins, has of course no thought of ridding us of 
our enemies; but the service is as valuable as if it were 
directly intended for our benefit. As a matter of prac- 
tical inference, it will readily be seen that when one is 
clearing such worms from his vines he should be careful 
never to remove a worm which has the little objects 
which look like rice grains plastered over its body. We 
may be quite sure these larva will never produce more 
of the same kind, and we know that the ichneumon- 
flies which he within these apparent rice grains had far 
better, for our purpose, go through their development 
and come forth to sting other larvae. 



THE INSECTS 127 

127. It is the bright side of the picture at which we 
have thus far been looking. If we are earnestly desir- 
ous of doing so, we can manage to find a comparatively 
small number of insects which are useful to Harmful 
man, but the number of insects whose inter- iMccts. 
ests nm counter to those of man is very much larger. 
Insects as a group are very apt in their growing stages 
to feed on vegetable material. They are so abundant 
and grow so rapidly that they manage to consume an 
enormous amount of food. The plants which man cul- 
tivates have been so sheltered as a result of cultivation 
that they have become more tender as a rule than the 
wild growing trees and herbs. Few grasses are probably 
more sensitive than wheat; few wild nightshades are so 
tender as the potatoes; few forest trees so delicate as 
peaches. For this reason, cultivated plants are more 
liable to be attacked by insects, and more Uable to suc- 
cumb to their onslaughts. It is almost impossible to 
imagine how much loss comes to man from this cause. 
Occasionally a new insect is introduced; it sweeps 
across the areas occupied by a plant, and often produces 
such enormous damage as to make us clearly understand 
how much money is thus lost; but there are probably 
hosts of insects in whose absence we could raise such 
crops as we have never dreamed of. The grasshopper 
tribe are responsible for a very large proportion of our 
losses. The Hessian-fly destroys very large Enemies 
amounts of wheat by weakening the stalk, ^f wheat, 
and after the wheat is gathered the Angoumis moth 
injures a great deal more. This loss is increasing so 
much that farmers are coming to thresh their wheat and 
sell it as promptly as possible before the moth can 
multiply, thus saving much of the wheat, but losing 
much in price which might be obtained for the wheat 
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if it could be held. If it were not for the birds, which 
feed so steadily upon insects, our loss would be very 
materially greater. The movement for the protection 
of the birds is no mere matter of sentiment; it is a 
matter of the preservation of our crops. 

128. Everybody is familiar with the small "worm" 
often found in the apple. This is the larva of a small 
dusty moth known as the codling moth. When the apple 
The Codling was in blossom a moth of this kind fluttered 
Moth. around, depositing its eggs in the now forming 
fruit. The larva emerged from the egg, punctured the 
ovary of the flower, and has since been growing there. 

It is now nearly ready 
to pass into the pupa 
stage; so when the 
apple falls from the 
tree, the worm 
makes its way out and 
finds a safe spot. 
Here it remains until 
it has transformed 

Fio. 11 — Thb Apple Moth ' j_ .% j ix n- 

into the adult codling 
moth, which is now ready to deposit its eggs in new 
blossoms. Any farmer who realizes this life history can 
easily see how foolish it is to allow the apples which fall 
from the trees to lie upon the ground. For here the 
larvae can creep out and develop, adding to the loss 
which the farmer has already sustained. If these apples 
were picked up and fed to the hogs or crushed into 
cider, a part of the value of the apple would thus be 
secured and the codling worm destroyed. 

129. The fruit-grower has of recent years suffered 
much from the San 3o&6 scale. The scale insects are 
very abundant, and often infest fruit trecfe, but the 
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well known kinds have been working upon our trees so 

long that they seem to have become accustomed to them, 

and no longer suffer so seriously from their ravages. 

But the new scale introduced from China, by soaie 

way of South America and California, is put- in«eot«- 

ting to the test all the skill of the careful grower. Scale 

insects are really small creatures, not distantly related to 

plant lice. They insert their tongues through the thin bark 

of the young twigs 

and suck the sweet 

juices of the plant. 

Unlike the plant lice^ 

when once they have 

inserted the beak, 

they never withdraw 

it. Meanwhile a waxy 

substance, which has 

been sweating out of 

thdr backs, has been 

melted into a shield 

which completely 

. , mi- 'lo. 12.— SCAI.BS CoiofON ON Fbutt Trim 

covers them. These 

creatures multiply very rapidly, having many gen- 
erations in a season. It is no uncommon matter, when 
they have once been introduced upon a young peach 
or pear tree, to have them kill the tree within three 
or four years. Any ordinary grower of fruit trees, 
who finds the San Jos4 scale on any of his trees, is evi- 
dently foolish if he does not promptly take measures to 
remedy the trouble. If but few trees are infested, it 
would be far better to chop them down and bum them 
than to do nothing, though such desperate remedy 
as this, ou^t not to be necessary to the careful 
fruit - gro^i-. The oysternahell scale and the scurfy 

9 
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bark louse are far more common but much less dan- 
gerous. 

130. The common house-fly has been always looked 
upon as a nuisance; but it is only of recent years that 
we have come to realize that it may become a very 
bitter enemy. It was part of the dear knowledge pur- 
,j^ ^ chased by the loss of many lives in the concen- 
Fiyand tration camps at the outbreak of the Spanish 

war. Typhoid fever was abundant in some of 
these camps. Typhoid always comes by infection, and 
as the infection must come from the intestine of a 
typhoid-fever patient one is always infected by con- 
tamination from sewage, either directly or indirectly. 
Most commonly it is the drinking water which serves 
as the medium for infection. Perhaps next in frequency 
is infection from milk. Recently oysters found in the 
mouths of our rivers have proven a serious source of 
danger. But in these camps, the flies transferred ty- 
phoid-fever germs from the open trenches to the mess 
kitchens and in this way infected hundreds of soldiers. 
Two lessons are plain. The excreta of a typhoid-fever 
patient should always be disinfected before being 
thrown anywhere, and kitchen windows and doors 
should be well screened to prevent the entrance of flies. 

131. One of the most interesting relations between 
insects and disease has been worked out in recent years. 
So long as the mosquito was simply a* nuisance we put 
up with him. But when once we began to imderstand 
that he was not only a nuisance but a menace, the war 
TheMo». ^SBinst the mosquito began. It used to be 
quitoaiid believed that malaria, as the name implies, 

was due m some way to bad aar. A swamp 
was particularly objectionable because of its power to 
produce malaria. It is of course well knQ^m that 
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swampy repons are undoubtedly malarious, but the 
swamps are only indirectly responsible for the malaria. 
The real source of the danger is the mosquito, whose 
larva swims in the swampy water. This mosquito can- 
not of itself give malaria, but it can 
become infected from a malarial pa- 
tient and give it to a new subject. 
Malaria is caused by a parasite, 
which is a very lowly form of animal, 
and which lives within the red cor- 
puscle of the blood. A particular 
kind of mosquito sucks the blood of 
such a patient. If it were now to go 
directly to another person and bite 
him, this would be without effect, for 
the malaria is not transferred directly 
to the new subject. The mosquito 
must live for a few days and in the 
walls of its stomach there will appear 
a pimple-like swelling, in which the 
malarial parasite is pas^ng through 
a different stage of its existence from 
that which affected the man. When 
this swelling has nm its course it 
bursts, and the multiplied forms pass 
into the blood of the mosquito, thence 
to its salivary glands, and from here 
they are introduced into the next>y/t».HowAi«d 
person bitten. Therefore it is that ^lo, i3-thb Malar. 
the mosquito not only transmits, '^ ^ ^"» c®"- 
but IS the intermediate host between 
two cases of malaria. Since this discovery, the warfare 
against mosquitoes has been continuous. This is espe- 
cially true in the extreme south, in tropical countries, 
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where another species of mosquito is responsible for 
the dissemination of yellow fever. 

132. If it is desired to rid a re^on from mosquitoes, 
three methods may be employed. First, and best where 
possible, the pool in which the larvae live, may be 
Buiishiiis drained of water. This of course is the end of 
Mosquitoes, ^j^^ mosquito. But it must be remembered 
that the mosquito larvse are small, and that an old tin 
can or a hollow tree stump is sufficiently large to breed 
them abundantly. All such places must be thoroughly 
cared for. Second, if draining is too serious a matter, 
the pool of water may be freed from its mosquitoes by 
pouring a little kerosene upon its surface. A teacupful 
of oil once in two weeks will suffice for a pool twenty 
feet square. Where neither of these methods is desir- 
able (as, if one has an artificial lily-pond), a very effec- 
tive remedy is to keep goldfish or sunfish in the pond. 
These feed eagerly upon the mosquito larvse, and will 
serve readily to free the pool. Not all mosquitoes can 
transmit malaria. Our commonest mosquito, called 
Culex, does not do so. It is the kind named Anopheles 
which does the work. These two may be distinguished 
from each other by the fact that when the Culex stands 
upon a surface he keeps his body parallel to the surface; 
while Anopheles tilts the rear end of his body high up 
into the air. Culex has wings that are entirely trans- 
parent, while Anopheles has two dark-colored patches 
across each of his wings. 

133. The spider is not an insect, but will be con- 
considered in this section because of its near relation- 
ship to that group. The spider has been too much 
neglected in study, for the natural reason that he is 
popularly supposed to be exceedingly dangerous. It 
seems impossible to realize that almost if not all the 
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dread of the spider's bite is without reasonable founda- 
tion. It is becoming clearer day by day that 
the amount of venom in the bite of a spider is, 
for our common spiders, so absolutely small as to 



The 
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Fig. 14— Thb Bank Spidbb's Web 



be entirely without effect on people. I have been re- 
peatedly bitten by spiders, occasionally of very consider- 
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able size, and never has there been the faintest sign of 
swelling, even so much as would be produced by the 
bite of a mosquito. As a matter of fact, spiders are 
ordinarily timid and make very little attempt to bite at 
all. There are two quite varied habits in the spider 
world in the matter of securing food. A large number 
of spders run about, himting their prey; these are ac- 
tive, have strong legs and rather large and sharp jaws. 
A few of them, when teased, will leap at and bite the 
finger. The members of the other great group weave 
^^ webs, and count on this method for catching 

Bpider'8 the prey. Amongst this group there is an 
aristocracy which builds webs of unusual 
beauty. These are the orb-weaving spiders. They are 
the spiders which spin beautiful webs in which a spiral 
snare is run aroimd a foundation of radiating threads. 
A close examination of such a web will reveal the fact 
that the central platform and the radial threads are 
dry and on these the spider may run and rest with 
impunity; but the spiral thread is a sticky thread and is 
intended to capture the prey. This thread is quite as 
apt to adhere to the spider as to his prey, and the result 
is that the spider learns to keep his feet carefully of! 
his own sticky threads. A little search about the out- 
side walls, in the late fall or winter, will disclose little 
silken packets, inside of which are bunches of salmon- 
colored eggs. From these eggs emerge the most cunning 
spiderlings, which will run about over ever3rthing, leav- 
ing behind them slender threads, by which they possibly 
find their way back to the nest during the first few days. 
Another form which the egg case may take is that of a 
sphere, nearly an inch in diameter, with an opening at 
the top like the short neck of a bottle. This will be 
found in the fall, hung up in the branches of a weed. 
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amongst a network of spider-webs. These cocoons will 
yield considerable numbers of spiders in the early 
spring. Most of these come to maturity at the expense 
of their less valiant and less vigorous brothers. 
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134. In describing the aquarium, mention was made 
of the pond snails. These little creatures are very 
abundant and can be found creeping over the rocks 
ThePtoiid ft&d grass and plants in most of our smaller 
®"^' streams. Scarcely any creek running through 
the meadows is without them, and often the dams 
have many pond snails. They are exceedingly inter- 
esting to watch and very easy to keep. 
Ordinarily the shell is about one-half 
inch in diameter and is dark brown 
in color. It is wound into a spiral, 
which ends in a rather blunt point. 
The snail can withdraw himself com- 
pletely into the shell and when he 
does so is well protected from most of 
his enemies. When transferred to the 
aquarium, the pond snail rapidly pro- 
trudes himself from his shell. The 
whole under surface is entirely flat 
and is pressed against the surface on 
which he moves. As he walks up 
against the £dde of the aquarium it is 
easy to watch the imder side of his 
foot. Watch it closely as one may, 
it is hard to realize, excepting in 
the most general manner, how it is that he manages to 
slide along. One of the strangest feats of his locomo- 
tion is that he can creep up the side of the aquarium 
186 
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until he reaches the surface of the water and then turn 
outward and creep along the under side of the upper 
surface of the water, If we may so speak, he is dis- 
tinctly able to progress without the aid of any material 
to hold on to, on the under side of the surface of the 
water. In front of his foot is his head, which looks, on 
the imder surface, as if it were a part of his foot, cut off 
only by a narrow line. It is as flatly pressed against the 
surface on which he walks as is the foot. In its centre is 
a mouth, whose lips open sidewise instead of up and 
down as do ours, and as he walks over the side of the 
aquarium he cleans from the glass whatever deposit of 
green vegetable matter may have formed there. His 
method of cleaning this material is very interesting. 
It is as if the tongue had rows of many teeth, The Siuui's 
running across its surface, and making it re- Tongue, 
semble a file. If while our mouth be slightly open, the 
tip of the tongue is pressed against the back of the lower 
teeth and kept there, the body of the tongue being 
meanwhile thrust out of the mouth, we will have a very 
close imitation of the method by which the pond snail 
rasps his food from off the surface over which he is 
traveling. Turning to the upper side of the snail, we 
find the large shell lying on top of his back. There is a 
tall slender hump on the back which rims up and twists 
around into the shell so that the Uve snail never comes 
entirely out of his shell. The little things often called 
snails which are seen about gardens and which have no 
shells are really slugs. The head has short pointed 
fleshy feelers sticking out of its upper surface, while at 
their base we find a pair of small dark eyes. This par- 
ticular group of pond snails differs from most snails in 
the manner of breathing. When they want air they 
creep to the surface of the water, turn over on their 
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sides and open a hole about the middle of the right side 
in such a position as to draw in air. The opening then 
closes like the mouth of a bag except that it does not 
pucker and the animal, now having a fresh supply of 
air, goes again about its business. Whenever the aqua- 
rium wall is clean, the pond snail travels over the surface 
of whatever vegetable matter may be in the aquarium 
and slowly cleans it off, even rasping into the tissues of 
the plant itself. 

136. The fresh-water clam or mussel was referred to 
in the section upon the aquarium. This creature is so 
much slower in all its activities than the pond snail, 
,j^ and keeps itself so entirely in its shell, that 

Frerfi-water there is really not very much for the children 
"^ ' to observe about him. When taken out of his 
position in the bed of a stream, he quickly pulls both 
shells together, squirting out at the same time a small 
amount of water. If this creature be placed upon the 
bed of stones and sand in the bottom of the aquarium, 
he will lie absolutely quiet for a considerable time, 
then his shells will very slowly begin to separate, but 
they will not open very far. By the time they have 
opened three-eighths of an inch he can push out through 
the slit a tongue-like, fleshy foot. By the aid of this 
foot he can very slowly and gradually turn himself on 
edge and drag himself down amongst the stones, until 
he has completely buried himself, with the exception of 
a small portion just back of the point of the hinge which 
fastens his shells together. With this part protruding 
above the sand, he opens the shell a very little and if 
one looks carefully into the slit he will notice that the 
two thin frills, much like those around the edge of an 
oyster, are held together in the middle of the opening, 
while toward either end of the opening the lips of these 
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frills separate. If a fountain-pen filler be filled ^th 
water that is a little dirty and then be held near this 
pair of openings and the dirty water expelled gently 
out of the fountain-pen filler into the water of ^ , ^. 

1/1 . 1 <» !• ^^t Circulation 

the aquarium, the floating particles of dirt will Through 
easily make clear the fact that there is a cur- * ^^^ ' 
rent of water running into the opening that is farthest 
from the hinge, while a similar current of water is pass- 
ing out of the portion of the slit nearest the hinge. It 
will readily be seen that the dirty water is drawn into 
the mussel through the one opening but the water that 
comes out of the other opening is beautifully clear. It 
is this sort of floating dirt which ordinarily contains 
not a little of plant or animal matter which serves as 
the food for the mussel. If one cares to wade into 
shallow ripples where the water is six inches deep, and 
look carefully, he will have no great difficulty in seeing 
the open slit of the siphons of the buried mussels. In 
an aquarium these creatures need no food. What small 
amoimt of food they really require comes to them from 
the sediment stirred up by the other creatures moving 
about in the aquarium. 

136. The crayfish is one of the most interesting of 
the dwellers in the aquarium, and in some respects one 
of the most satisfactory. Few other water dwellers will 
interest the children so thoroughly and few The 

will better repay study. The crayfish is a cmyfi^- 
rapid consumer of oxygen. In his natural haimts he 
prefers rather rapidly nmning and shallow water, as 
this furnishes him with his desired air supply. When 
we come to pen him up in an aquarium where there is no 
motion of the water, and where oxygen comes only 
from the exhalation of the plants, it is very frequently 
the case that there is not sufficient oxygen for him and 
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he dies of sufiPocation. His flesh decays with great 
rapidity. Ck)nsequently, as soon as one sees a crayfish 
Ijdng on his back in the bottom of an aquarium, the 
presumption is that he is dead and he should be very 
promptly removed or he will foul the water. When one 
wishes to capture crayfish, the best plan is to take a 
net very similar to the one used for butterflies. K 
this is held on the bottom of a stream, some distance 

below a number of 
small stones lying on 
the bottom, and some 
one then disturbs 
these stones, it will 
often happen that the 
crayfish will be stirred 
up and washed down 
stream into the net. 
Indeed I find for such 
purposes that a very 
satisfactory net can be 
made by taking a rec- 
tangle of mosquito net- 
ting about a yard long 
and three quarters of 
a yard wide, and fast- 
ening it securely at 
either end to sticks a yard long. This leaves a part 
of the stick for the handle at each end, the narrow edge 
of the mosquito netting being fastened to the sticks. 
This very simple contrivance in the hands of an agile 
boy, who has with him a companion, who will stir 
up the water a yard or two farther up the stream, 
will furnish a great deal of material for the aquarium, 
including many things which will probably take the 
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teacher some time to identify. Returning to our cray- 
fish we notice that he is practically a diminutive lobster 
living in the fresh water. The head and back of the 
crayfish are in one continuous piece, a slender point 
running out in the front like a ram on a battleship. 
From the front of the creature's head projects a pair of 
slender organs, each of these having two .^^ 

whip-Uke branches. These are known as the Organflon 
smail feelers. If one examines closely the 
bottom joint on each feeler close to the head he will find 
on the side of it a sort of semi-transparent window. 
This is the ear of the crayfish. It is quite possible, 
however, that the crajrfish does not hear. Everybody 
knows that we hear with our ears; not so many people 
are famihar with the fact that we tell the position of 
our heads by our ears and that our sense of balance, by 
which we keep ourselves adjusted so as not to topple 
over, has its location in the semi-circular canals of this 
organ. Any disease of this portion of the ear produces 
dizziness instead of deafness. It is quite certain that 
the ears of the crayfish are such organs of balance; 
but it is not clear whether they also hear. Just back 
of the small feelers are the long feelers. These, when 
imbroken, can be turned backwards and touch the tip 
of the tail. Close to the base of these feelers we notice 
the eyes, which are set in a fashion very different from 
our own, for they stand out on the ends of stalks and 
can be rather freely moved. On the imder side of the 
head is the mouth. The great brown covering over the 
back of a crajrfish does not extend across the under 
side, but ends in a loose edge as if the creature had on 
a jacket which is not buttoned down the front. Under- 
neath this jacket along either Ade is a series of gills, 
looking not unlike ostrich plumes. The water must be 
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drawn over these gills. Near his mouth is a pair of 
fan-like scoops which can be whirled most rapidly by 
the crayfish, producing a very distinct current in the 
water. The water enters at the back and imder 
edge of the jacket and passes out at what would 
be the collar. Perhaps nothing the crayfish does will be 
discovered with so much zest by the children as this 
rapid twirling of the gill-bailers, as they are called. 
To see it, one must get low enough to look under the 
front end of the crayfish, as he stands on the bottom of 
the aquarium, facing the observer. 

137. A crayfish of very considerable size can pinch 
just about hard enough to ^ve a sensitive person a 
slight sense of discomfort. I have never seeii one pierce 
the skin of one's finger and a child who has once allowed 

himself to be pinched will have no hesitancy 
about letting it happen again. The crayfish 
of our smaller streams, when full grown, is about four 
inches long, though in the rivers they often grow larger. 
The shad-net on the Delaware, in addition to bringing 
in shad, brings in crayfish by the hundreds and here 
one can often find them of considerable size. The tail 
ends in five broad flaps which make a very eflGicient 
propeller. The crayfish walks quietly on the bottom of 
the stream so long as he is imdisturbed ; but once frighten 
him and a rapid fiap of his tail sends him shooting back- 
wards through the water and he runs into some cranny, 
from which his swinging feelers and swaying eyes search 
about in quest of the enemy who has so seriously dis- 
turbed him. 

138. About the best method of feeding the crayfish 
is to take a piece of raw meat about an inch long and 
about one-half inch wide and thick. Wash this care- 
fully in water, kneading it between the fingers, until all 
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the juices are thoroughly washed out and the meat looks 
pale. Now tie it to a piece of string and let it hang 
into the aquarium. Leave it here for perhaps .^^ ^^^ 
two hours and then remove it. Do this once of the 
a week and your crayfish will probably get 
along well enough. If the meat is not thoroughly washed, 
or if it be allowed to remain in the water too long, bac- 
terial pollution of the wat^r will be sure to result and 
this is very difficult to remedy. 

139. The crayfish is like the insects in the fact that 
its skeleton is on the outside and will not grow. Accord- 
ingly at intervals the shell splits and the crayfish turns 
himself out of the crack in the back, leaving casting 
the old shell behind. In this condition he is *^«siieu. 
so soft and tender that it seems as if he must fall apart. 
He is unusually shy and timid at such times, for he is of 
course subject to much danger. This method of cast- 
ing the shell is common, too, in crabs and lobsters, and 
it is the common crab, just after he has thus cast his 
shell, that is sold in the markets as a soft-shelled crab. 
Forty-eight hours earlier he was a hard-shelled crab; 
forty-eight hours later his shell will be fairly hard again. 

140. Fish are the most satisfactory animals in the 
aquarium. With a reasonable amount of care, if the 
fish are not too abimdant, they thrive perfectly well 
and are easy to observe and very interesting. ^ „. ^ 
The key-note which will transfer a careless 
observer into a thoughtful one, is the idea that the fish 
are back-boned animals like ourselves and the two 
pairs of fins are similar in origin, and to some extent, 
in structure, with our arms and legs. This early study 
in comparative anatomy should be only the beginning 
of a habit which the thoughtful student of nature will 
develop all bis life, a habit of finding the kinship be- 
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tween the creatures of the animal world about him and 
himself. It will early be seen on watching the fish that 
his broad fan-like tail is his main means of propulsion. 
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Up from his back and down from his under surface stand 
certain fins stiffened with spines, but these do not help 
•n^ Fins him along as much as keep him straight. But 
of the FMh. jij ^h \^ noticed by the careful observer that 
there is a pair of fins on the side of the body just back 
of the head, and that there is a noticeable independent 
movement of these fins, both of which may work at 
once or they may move separately. These may be 
called the arm-fins and are truly related to our arms, 
though developed for a different purpose. Further 
back is another pair, in most fishes not so active, but 
separately movable as were those at the shoulder. These 
may similarly be called the leg-fins as they correspond 
to our legs. The frequency with which a fisk opens his 
mouth, when there is nothing in the water in front of 
him, will easily indicate that he has some other purpose 
than the taking of food for which he constantly uses it. 
It will be noticed tb^t tberQ are circular slits just back 
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of the head and these open when the mouth does. 
These end the gill covers and under them lies a set 
of organs which serve the fish as lungs serve us, The om* 
that is, to bring the blood into contact with the *"' *** ^"'^ 
oxygen. Whereas we take the air into our lungs, in the 
case of the fish the water first dissolves the air and then 
the ^lls take the oxygen second-hand from the water. 
While it is true that water is a compoimd of hydrogen 
and oxygen, these two are linked together so forcibly 
in water that no animal can separate them. Accord- 
ingly it is only such oxygen from the air as becomes 
dissolved in the water that the fish and other water in- 
habiting creatures can use. The constant movement of 
the mouth which can be noticed in the fish serves to 
carry the water into the mouth and down into the 
throat. Here it passes through slits in the side of the 
throat over the blood-gorged gills and furnishes to them 
their supply of oxgyen, taking from them meanwhile 
their excess of carbon dioxide. The nostrils of fish 
accordingly are not used for breathing as are ours. 
They are only organs of smell and they are TheFiah'e 
like a fountain-pen filler into which water may Noetriia. 
be drawn up and out of which it must be forced from 
the same opening. The water is retained long enough 
for the fish to catch any odor that is in it and then 
expelled. These nostrils are not very large but there is 
no difficulty in finding them. An interesting point 
which pupils do not always notice is the fact that there 
is considerable mobiUty about the eyes of the fish. They 
are not tightly fastened in their sockets but can be 
moved from side to side, somewhat as ours are, though 
by no means so freely. In almost all of our fishes there 
will be noticed a very distinct line along the side of the 
body. This is so common that it must have some very 

10 
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distinct and important purpose. The most likely ex- 
Th«8ide pla^ation is, that it serves the same purpose 
line in as our semidrcular canals, that is, that the 
fishes by means of this line are conscious of 
the position and balance of their bodies. 

141. F^sh, at least in the aquarium, are rather indo- 
lent and are of course cold-blooded, and consequently 
they need very little food. A little soda cracker or 
Feedins some similar biscuit or a tough crust of bread 
^^^ put into the water for an hour or two every 
third day and then removed, will give them all the food 
they need and perhaps more than they care for. Here 
as before care must be taken to remove all the uncon- 
sumed food from the aquarium, or it will spoil and the 
water of the aquarium get sour. 

142. In many of our little streams as well as in the 
damp grass and in the damp space beneath stones it is 

very common to find a little creature which 
children usually call a lizard. It is a mis- 
take, for lizards love the dry sunny spots and have 
scaly skins. These newts could not live twenty minutes 

in the open sun on 
dry ground. There 
is a common opinion 
that it is dangerous 
to drink by putting 
no. 18-Th. sfottm, N.irr ^^le mouth to a spring 

because of the great likeUhood of swallowing one of 
these newts. If this should happen, the only result 
would be the digestion of the creature, of course to his 
detriment, but with no harm whatever to the man who 
swallowed him. 




THE FROG AND THE TOAD 

143. The frog and the toad form two of the most 
interesting animals that can be used in nature study. 
Both of these creatures are very abundant and very 
easily obtained, and both of them thrive in captivity. 
At first a frog will interest the children more 
because most persons have had instilled in Prejudice 
them at a very early age a repugnance to the xmSb! 
toad, which is as senseless as it is amusing. 
Amongst the Pennsylvania Germans there is a belief 
that the killing of a toad, by a man, makes the cows 
which he owns give bloody milk. Nowadays when one 
is pressed to give his reason for his hatred of the toad, 
the reply is very apt to be that it produces warts. Of 
course this is nonsense. I can only conjecture how the 
wart story came to be associated with the toad. Doctor 
Edward Eggelston, in one of his delightful his- xoads and 
torical essays, tells us of a belief common Wans, 
among our colonial ancestors which was known as the 
doctrine of signatures. According to this notion, the 
Creator has shaped the leaves of a certain plant to look 
like a kidney, in order that we might know that He 
intended us to use it for curing diseases of the kidney. 
This plant we call kidneywort. Liverwort and lung- 
wort were shaped, so the belief tells us, like the organs 
named, so that we might use them for the curing of 
diseases of these organs. I suspect in similar fashion it 
was supposed that the wartiness of the toad was given 

147 
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Fio. 19— The Toad 



to it by the Creator as a warning to us so that we might 
know our danger of acquiring warts if we handle the 
animal. In truth this appearance is a part of the great 
scheme of protective coloration, and helps to make the 

animal less conspicu- 
ous as it lies quietly 
on the irregular surface 
of the ground. The 
wartiness of the toad 
serves him for protec- 
tion just as the green 
of the frog serves to 
make him less conspic- 
uous as he lies con- 
cealed in the green scum of the pond. 

144. The shape of both of these animals is exceed- 
ingly suggestive. The front legs are very small and 
weak and serve as little more than props to keep them 
from falling flat upon the ground. It is in their great 
The Big hind legs that their power of locomotion 
Hind Legs, chiefly lies. These legs have grown stronger 
generation by generation, until these creatures, in- 
stead of rimning like the newts and salamanders from 
whom they are descended, take great leaps whenever 
they wish to escape from danger, or when they wish to 
travel any considerable distance. The frog is far the 
more rapid of the two in its movements. He rarely 
carries as much fat about him as does the toad, and his 
legs are longer, so it is really a very difficult matter to 
run after and capture a frog. But the toad is heavier 
in body and lighter of legs and depends far more than 
the frog on his protective coloration and on the fact 
that in the daytime he rarely roams abroad. It is only 
after simset that the toad really becomes active and the 
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greatest delight in watching him must always come 
from watching him in the evening. 

145. In both of these creatures the eyes are very 
prominent, standing well out of the head. If one 
lightly touches the top of the eye it will be withdrawn 
into the head until it is level with the surface. 

Each eye can be withdrawn separately as can 
each lid be winked separately. There does not seem to 
be the same coordinated action between the two eyes as 
we regularly find in many of the higher animals and in 
people. This power to retract the eyes is a very val- 
uable one. The eyes protrude from the head so that the 
frog, while living in the water, can see some distance 
over the water without having anjrthing more than the 
tip of his nose, with the nostrils, out for breathing and 
the eyes for seeing. Under the circumstances, espe- 
cially if there be green plant material floating in the 
pond, he can be practically invisible. But when the 
frog is sitting on the bank and on the approach of 
danger suddenly dives into the water and even into the 
mud on the bottom of the pool, his eyes would nrn 
serious risk of injury were it not that they can be with- 
drawn level with the rest of the head. The toad's eyes 
are capable of being withdrawn like those of the frog, 
though it would seem as if there was not the same 
advantage to him as there is in the case of his water- 
loving relative. But the toad was once a frog and still 
lives like one for a few weeks in spring and it may be 
that there is suflScient advantage in this peculiarity to 
make it worth retaining even in the new life of the toad. 

146. Mention was made of the nostrils of these 
creatures. These nostrils he near the top of the head 
and a very little observation will show that they open and 
close constantly while the creature is breathing. The 
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toad has no ribs and no diaphragm and must rely on 
other methods than ours for his breathing. His nos- 
trils communicate with the back of the mouth, and 
The by opening these nostrils and pulling down the 

Bnathins g^j^ ^^^ ^.j^g under side of his chin the mouth 
can be filled with air. The nostrils are now closed 
and the chin pushed up, thus forcing the air down 
the windpipe into the lungs. When the nostrils are 
again opened the elasticity of the lungs forces the air 
out and the cycle of respiration is complete. This con- 
stant opening and closing of the nostrils, accompanied 
by the moving of the chin and the swelling of the walls 
of the chest, all in perfect rhythmical fashion, is very 
interesting to watch. 

147. The ear-drums of the frog are very conspicuous. 
They lie some distance back of and below the eyes and 
are circular discs on the outside of the head. The ex- 
TheEar- temal part of the ear, which is so prominent 
^^™™"- in us, is entirely absent from most animals 
below the mammals. The toad's ears are not quite so 
conspicuous as are those of the frog, and neither of 
them gives much evidence of being acute in the sense 
of hearing; although it is very hard to tell whether 
this is due to lack of sensitiveness in the organ or whether 
it is, as I think more likely, a question of brains. These 
creatures are not very quick in their reaction to any 
stimulus which is not fairly strong. 

148. The toad's method of feeding is exceedingly 
interesting. It can often be watched imder any elec- 
tric light in a small town. The tongue is arranged in 
^^ an altogether peculiar manner. While most 
Method of animals have a tongue which is loose in the 

"** front and attached at the back, just the re- 
verse is the case in the toad and the frog. Here the 
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tongue is attached to the front of the mouth and points 
back toward the throat. When the toad wishes to catch 
his food, which is usually an insect, he hops rather 
slowly toward it, or indeed if it approaches him he often 
aits quiet until it gets near. When this insect has 
reached a point within an inch or an inch and a-half 
of the toad, the tongue is suddenly protruded, as if 
one were to throw his fist from his shoulder with elbow 
raised, until the arm was straight and then bring the fist 
back promptly to the shoulder. The whole process is so 
quickly carried out that unless it be closely watched 
it will not be seen. The toad has one distinct advan- 
tage over his frog cousin. Over certain ridges of his 
back is located a series of glands which can pour out, 
or indeed at times to shoot out with considerable force, 
a fluid like milk in appearance, and intensely 
bitter. The taste of the secretion is so un- Protaetive 
pleasant as to deter many animals from ^^^' 
attacking the toad. For some reason or other the toad 
does not always use this means of defense, and I have 
con:ie to suspect that it is particularly active in the 
females in the mating season. At this time many young 
lives are tied up with the Ufe of the mother, the eggs 
not yet having been laid. It is not unusual for nature 
to be more than ordinarily careful of the life of her 
young creatures. 

149. There is almost no phase of nature study that 
will interest pupils more than the development of the 
toad or of the frog. In spring both of these creatures 
deposit their eggs in the pools. Early in April 
the "peep, peep," of the Pickering frog starts *"**' 

the appearance of the frog family, and all through the 
month and into May the process continues. Frogs and 
toads of all kinds now go to the water; during the rest 
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of the year the tree frogs and the toads may live far 
from the old home, but during the spring the ancestral 
longing comes on and they all return to the water. As 
the eggs are deposited by the female they are fertilized 
by the males. With the eggs there is secreted a thick 
mucus, which swells in the water until the eggs are con- 
verted into a thick mass of jelly. The bull-frog will 
lay a cluster of eggs which when the jelly is swollen 
in water will make a double handful; the spotted frog 
will lay a good handful of eggs, while the egg 
mass of the Pickering frog is about as big as a 
green walnut. The toad is a more highly developed 
creature. Instead of turning her eggs loose in a single 
mass, she distributes them in a slender string, moving 
about the pond constantly as she does so. By this 
means she entangles them in the grass in such a way 
as to make it unlikely that any current flowing through 
the pond, in case of high water, should carry the eggs 
away to destruction. 

150. If the eggs of the frog be closely examined, it 
will be noticed that they are dark on the upper side 
and light on the imder side. This light-colored material 
TheDevd- ^^ ^^^gcly fat and weighs more than the dark 
opment of part of the egg. By this means the dark part, 
"*' from which the frog eventually develops, is 
always kept on top where it will receive Ught and heat. 
If the egg mass be turned upside down, it will be but a 
comparatively short time before each embryo, as the 
forming animal is called, will have righted itself again 
and the whole mass shows the black side of the egg on 
top. If such egg mass, whether of the toad or of the 
frog, be brought into the house in a vessel, which will 
hold a considerable amount of the water of the pond, 
there will be little diflSculty in having the tadpole hatch. 
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The toad eggs will develop far more rapidly than those 
of the frog and for this reason are more interesting. 
The toad eggs are black all over and very much smaller 
than those of the frog. They lack the large amount of 
nourishment which is present in the frog's eggs, and 
this is for an interesting reason. 

151. When any animal passes from the egg to the 
adult stage, there are two sorts of changes through 
which it must go. We are very apt to confuse these 
two processes because they go on at the same 

time, but they are entirely distinct. One of andDevei- 
these is growth, and this means only increase °p°*®^*- 
in size. At the same time, in most animals, there goes 
on what we know as development. By this we mean 
increase in complexity and in power, consequently, to 
meet the varying demands of surroimding circum- 
stances. The toad gets his development very rapidly 
and consequently looks Uke a toad when he is very small. 
After this he gets his growth. A frog, on the contrary, 
grows for a long time without very much development. 
Accordingly he gets very large before he looks like a 
frog. 

152. To return to the egg; if the black spot in the 
egg be watched day by day it can be seen gradually to 
change its shape. After a while an oblong ridge lies 
over the egg. Shortly the head and tail sep- TheUaeof 
arate themselves, while the centre part of the *^® ^°"^- 
body remains attached to the food mass in the egg. 
This food mass grows smaller while the toad daily grows 
larger, and soon the creature wriggles in the egg. It 
will not be long now before the young toad will break 
the membrane, pass out of the egg and swim freely in 
the water. At this time close observation will show a 
pair of fringes on either side of the neck. These will 
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likely be mistaken at first for front legs, but in reality 
they are external gills. Into them the blood of the toad 
steadily flows, in order to absorb oxygen from the water. 
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These gills, however, are soon withdrawn into the neck, 
after which water must enter the mouth and flow out 
of the opening on the side of the animal to pass over 
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the gills. Meanwhile near the root of the tail, the hind 
legs break out and some time later the front legs appear. 
Under the best of circumstances many of the tadpoles 
will die by this time. In those that remain, the tail 
will gradually become smaller, being reabsorbed into 
the blood and the material being used to build other 
parts ol^ the body. After the first few days, tender 
vegetable matter must be fed to the young tadpoles. A 
lettuce leaf or a piece of cabbage bruised between the 
fingers and thrown upon the water seems to satisfy 
them very well. Later on they need animal food, though 
bread crumbs or fish food seem to answer. If not too 
many dead tadpoles are left l3dng in the aquarium so 
that the water becomes foul from their presence, the 
survivors seem to have no objection of feeding on the 
bodies of their dead brothers; which is clearly an 
economical method. 

153. It is interesting to notice how common is the 
habit amongst the members of this group of singing a 
love song. It is sung entirely by the males, and varies 
very much in character among the different Th«spriii« 
members. The "peep, peep," of the Picker- ^'*' 

ing frog has already been mentioned. The great 
"more rum" of the bull-frog is well known to those who 
Uve in the country. The little leopard frog says " chung, " 
but the toad has the only gentle voice of them all. It 
lacks the insistence of the frog's, but for musical quaUty 
it surpasses . most of the voices of the spring, even in- 
cluding those of the birds. I hardly know how to de- 
scribe it; but if one can imagine a creature purring 
through an unusually soft and melodious flute he will 
have some idea of the sweetness of the love song of the 
toad. 



XI 

THE REPTILES 

154. Thebe is no subject in the whole range of nature 
study on which there will be so wide a variation in the 
feelings of both the teacher and pupils as in the matter 
RnakPM ^^ snakes. We have two injurious snakes, the 
copperhead and the rattlesnake, and in regions 
where these are found it is well that every child should 
know and avoid them. But both of these snakes are 
getting comparatively rare and in thickly-settled 
regions are entirely absent. Even close to our large 
cities other snakes are reasonably abimdant. No fear 
and no repugnance is more entirely without foundation 
than this widespread hatred of the snake. Of course 
the third chapter of Genesis is the reason commonly 
urged for our dislike of the snake; but in fact this dis- 
like is older, in the Teutonic race, than their acquaint- 
ance with the Bible, and was present in other races to 
whom the Bible was unknown. It is an exceedingly 
early antipathy and one that has not yet been accounted 
for. Certain it is that snakes are practically harmless 
so far as any of the species found north of Virginia are 
Venomous Concerned, with the two exceptions previously 
Snakes. mentioned. To .this list the water-moccasin 
and the coral-snake must be added in the South. It is 
of course true that when captured snakes will bite, but 
the teeth will rarely more than just penetrate the skin. 
The young teacher may count it for certain that some 
time or other some boy will bring a snake to school, 
and he had better be prepared for this emergency. For 
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him to be scared is what the boy has hoped, but if he 
rises quickly to the situation he will have gained a new 
power over his school. It is not particularly necessary 
that he should handle the snake, although it would be 
better if he did, and the knowledge that the creature is 
harmless and that if caught just back of the neck it 
cannot turn to bite, will help to give the teacher courage. 
The rattlesnake and copperhead can be distinguished 
from other snakes by several points. Of course the 
rattles of the rattlesnake are distinctive, but there are 
other points which 
serve quite as well to 
separate these snakes 
from the non-venom- 
ous kinds. In the first 
place, the great distinc- 
tion is that there is a 
pit between the eye 
and the nostril as if 
the point of a blimt 
lead pencil had been 
forced into 
This gives 
snakes and 
pit vipers. 
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the head. 

to these 

their other venomous kin the name ofthe 
All of the poisonous snakes of North 
America and most of those of the world are pit vipers, 
while no harmless snake in America has this pit. Again, 
our venomous snakes have scales on top of their head, 
scarcely larger than those which cover the rest of the 
body, while in the non-venomous snakes these scales 
are much elongated. 

155. Snakes in captivity feed very little, indeed as a 
matter of fact, being cold-blooded and at the same 
time moving about very little, it is astonishing to see 
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how well they thrive on practically no nourishment 
at all for weeks at a time, and no amdety need be felt 
Tb0 Food that one is cruel in keeping a snake under 
oisnakw. observation for two weeks, even though he 
refuses to take any food whatever. 

156. To those not accustomed to snakes, it would 
seem as if there was very little relationship between the 
turtle and the snake; but the truth is that they are not 
,^^ so distantly related as one might suspect. The 
scaliness of their legs shows their similarity 
in this respect to the body of the snake. The truth is 
both of them are descended from scaly creatures, of 
which the lizard is the nearest modem representative. 
The snake is a lizard which has grown long and lost his 
legs, though minute traces of them still remain in a few 
families. The turtle, on the contrary, has broadened his 
ribs and his breast-bone until they have formed, with 
some plates in his skin, a firm covering into which he 
can retreat in time of danger. The turtle pays for this 
safety, as his case makes him exceedingly heavy and 
consequently slow of motion. But the protection he 
enjoys makes him likely to live longer than any other 
creature with which we are acquainted. Turtles live 
quite comfortably in captivity and are very interesting. 
The land turtle eats freely most sorts of common vege- 
tables, though turnips seem to be particularly relished. 
For water-turtles nothing seems quite so satisfactory 
as a small fish. 



XII 

THE BIRDS 

157. Whatever may be the feeling of any teacher as 
to the desirability and interest of stud3dng any other 
group of animals, there can be no difference of opinion 
in the matter of the birds. They are so unquestionably 
beautiful, they are so bright and cheerful, and ^^ 

their colors are so exquisite, their movements inteieet 
are so graceful, their behavior so varied and ^ 
interesting that of all the animal world they certainly 
are the best subject for nature study. Besides it is 
most important that we should come to imderstand how 
intensely valuable the birds are to us. There seems to 
be no doubt in the minds of scientific students that were 
it not for the birds, a very large proportion of our vege- 
table life would be destroyed by the unending hordes of 
insects. Insects multiply so rapidly and are so destruc- 
tive to vegetation that were it not for the kindly offices 
of the insectivorous birds, it is at least certain that our 
garden crops would hardly succeed. Long cultivation 
has made our domestic plants tender and they are no 
longer able to fight a fair battle against the wild plants 
of meadow and wood. Man himself, by his method of 
cultivation, can battle with the stronger plants, the 
weeds, that would enter into his field, but he stands 
nearly helpless before the hosts of insects. We are just 
beginning to realize what a bitter mistake it has been 
to deal so carelessly with our birds. With the disap- 
pearance of the birds from our garden, the increase in 
insect life is striking and ominous. Our bird students as 
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well as our insect students have begun to assure us in 
unmistakable language that if we wish to keep up the 
fertility of our fields, we must take care of our birds 
before it is too late. 

158. Every bird has feathers; no creature not a bird 
is possessed of them. There are two distinct types of 
feathers on a bird. One of these serves solely for warmth ; 
The the other, in its most distinctive type, is 

Feathers, intended to beat the way through the air, 
or at least to shed the air when passing through it. 
To the first class belong the down feathers. These are 
usually close to the skin on the breast or the sides of the 
body underneath the wings. Each little branch that 
rims out from the main rib curls separately from its 
neighbor, making these feathers light and fluffy and 
forming for the bird the finest clothing known to the 
animal world. By this we mean that a covering of 
feathers protects the animal that carries it more thor- 
oughly than any other form of clothing of the same 
weight. The birds need this clothing more than any 
other animals. Fish, snakes, and other cold-blooded 
animals have no need of warm clothing. It is only 
the mammals and the birds, with their warm blood, to 
which warmth in clothing is of any material advantage. 
This purpose is served by the feathers of the bird and 
by the hair of the mammal. The mammal carries a 
temperature not far from that of man, which is about 

98 or 99 degrees Fahrenheit. Birds, on the 
perature Contrary, range ten degrees higher, and the 

ordinary temperature of a bird would mean 
intense fever in a mammal. We find in some birds habits 
that subject them to great and sudden changes in tem- 
perature. On a warm summer afternoon a buzzard may 
descend within five minutes from an elevation where 
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the temperature is probably not more than 40 degrees 
to where the temperature may easily be 90, while a few 
minutes will serve to return him to his previous altitude. 
To protect himself, with his high-heated blood, from 
such variation as this without serious chilling, requires 
clothing that must be very perfect indeed. If the 
buzzard were required to carry an amount of fur which 
would serve for this purpose, it would be so heavy 
that he could not possibly fly. It is to meet such emer- 
gencies as this that feathers serve better than any 
other form of clothing could. 

159. In the feathers used for flight, each side branch 
of the main rib has rows of hooks which reach forward 
and catch into corresponding ridges of the branch just 
in front of them, and this process is repeated Flight 
for the entire length of the feather, making of ^»***«"- 
such a feather a well-bound sheet which will strike the 
air without the parts separating from each other. If by 
any acddent the feathers become ruffled, a very little 
preening on the part of the bird serves to bring them 
together again and to return them to their original con- 
dition. It is this sheet of light but firm webbing which 
makes an effective instrument for flight out of the feather 
of a bird. After feathers, undoubtedly the most striking 
possession of birds is the wing with its accompanying 
power of flight. It needs only the first glance for pupils 
to understand that the wings of a bird correspond to 
the arms of a man or the front legs of a dog. Back- 
boned creatures either have four limbs or there is a story 
to account for their absence. These Umbs may be modi- 
fied for all sorts of purposes; occaedonally, one or both 
pairs may be lost. Whales have lost the hind legs and 
turned the front pair into flippers; the snakes have lost 
both pairs; the fish have made fins of both pairs and 
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then have often lost the hind pair. Birds have, ^th 
very few exceptions, retained them both and con- 
verted the front pair into iidngs which usually serve them 
for purposes of flight, though ostriches have lost even 
this power. 

160. All bird wings are constructed on the same gen- 
eral plan. Ask the children to bring to school a wing of 
a chicken, from which the meat has been cleaned but 
TtoSh* ^^ which the three bones still cling together, 
of the It is a profitable be^nning in comparative 
^^' anatomy to realize that' the upper bone of the 
wing of a chicken corresponds to the upper bone of our 
arm and is hence called the humerus; the two bones of 
the middle joint correspond to the radius and ulna, 
while the third and last joint of the wing is made up of 
the consolidated bones of the wrist and the hand, the 
whole having become rather mitten-like, the thumb 
alone being free. The length of the wing varies con- 
siderably in different birds. In such birds as have 
uncommonly fine powers of flight, the wing is always 
long. The widespread pinions of the turkey-buzzard, 
who is the prince of fliers in our coimtry, illustrate this 
most beautifully. But this length of wing is even more 
remarkable, considering the size of the bird, in the 
chimney-swift. Where the children have the oppor- 
tunity to notice this active bird, — ^which, by the way, is 
often miscalled the swallow, — ^there will be no difficulty in 
noticing against the clear blue sky the long, slender, 
scythe-shaped wing that carries this bird in its wander- 
ing flight. Such a wing as this, however, must be kept 
constantly beating. The wider wing of the turkey- 
buzzard gives him his unrivalled power of sailing on 
outspread pinions with nothing but a waving motion, 
so slight as to be nearly imperceptible. Yet that slight 
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movement is sufficient to support him and to allow him 
to circle hour after hour through the clear air. It is a 
great pity that there is so much prejudice against the 
turkey-buzzard. He is by all odds our most skilful 
flier, and as for his habit of eating carrion, instead of 
despising him for it, we shoiUd be, and in the South they 
are, very grateful. . 

161. But when it comes to the short round wing, 
such for instance as is found in the chicken or in the 
grouse (commonly called a pheasant), such 

wing as this serves to carry the bird quickly Rounded 
forward, but after a short flight the bird re- "*' 

turns to the earth. No wing of this shape can serve for 
long continued flight. 

162. There is quite as much variation in the tail of 
birds as there is in the wings. If the wings decide how 
rapidly the bird shall fly, it is the tail which determines 
the ammaPs power to dodge and turn, to TheTui» 
quickly alter the direction of his flight. Such ^"ddar. 
birds as the ducks, whose tails are almost lacking, have 
little power to suddenly alter the direction of their 
flight, and they must fly constantly in the open. Just 
the reverse of this state of affairs is seen in the splendid 
length of tail, with power to spread it like a fan, that we 
find in the great mass of little birds that live in the 
thickets. The bird which must spend its time flying 
about through the underbrush must be able to change 
the direction of its flight with entire promptness or it 
would be dashing itself constantly against the little 
twigs. It becomes very interesting to watch with care 
the insistent iLse of the tail by our catbirds and thrushes 
and all the little denizens of the thicket. Perhaps 
the most remarkable case of tail development amongst 
oiu" native birds is foimd in our ruffed grouse, where the 



164 THE STUDY OF NATURE 

tail can be spread if necessary until it stretches over 
nearly half a circle. It is this which gives to this splen- 
did bird his power of rising instantly in the woods, to 
dart away with the speed of an arrow and never to strike 
any of the limbs which seem to lie in the direct path of 
his flight. 

163. The legs of birds are quite as varied and inter- 
esting as their wings and for just the same reason. Each 
bird must be adapted to the work it has to do, and such 
The Feet adaptation is here secured by variation of the 
of BiKU. foot. It is natural for birds to have four toes, — 
that is to say, one of the five toes natural to the limb 
of a back-boned animal has completely disappeared 
from all of the birds. The one which has disappeared 
corresponds to the little toe of the human foot. Of the 
remaining four, three are usually very strong and well 
developed in the bird, but the fourth varies very much 
in the dififerent groups, being nearly gone in the ducks 
and quite strong in the hawks. The foot of the chicken, 
with three well-developed toes in front and the fourth 
at the back, is well adapted to walking about on the 
ground and scratching in search of his food, which may 
consist of seeds or of grubs or of a large variety of 
objects which he may discover. The great majority of 
our small birds have three slender toes in front and one 
of about the same length in the back. This type of 
foot is chiefly valuable for grasping small twigs in the 
act of perching. 

164. There has often been surprise expressed at the 
fact that birds can sleep without falling oflf the branch, 
but this matter is not difficult of explanation. Almost 
every child who lives in a home where chicken's feet 
have been severed from the leg when preparing the 
chicken for the table, has at some time or other picked 
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up such a chicken leg. He has noticed a string or 
tendon at the cut end and found that by pulling it 
the toes of the chicken could be made to close. This 
tendon runs over the joint in such a way that if sleeping on 
the joint be simply bent, it tightens this tendon *^® ^•"*^' 
and makes the toes grip together. After the chicken has 
grasped the perch he lets his body rest down on the 
branch and this bends the leg as this joint, which is 
really the heel, so that it cannot let loose. If it wants 
to free itself from the branch, the chicken must stand 
up, and only then is there length of tendon sufficient 
to allow the toes to be unclasped. Another interesting 
form of foot in which the four toes are well developed is 
seen in the woodpeckers and a few other birds. These 
have the power of holding two toes in the front and two 
in the back so that their foot looks like the letter X. 
Such a foot as this has unusual power to cling to the 
erect trunk of a tree. Most birds take to the branches 
of the trees, but the woodpeckers cling with equal free- 
dom to the erect trunk, a feat not to be imitated by any 
but a very few birds, most of which are not found in 
this country. 

165. The hawks and owls show us still another type 
of bird-foot. Here again the four toes are well devel- 
oped, and each provided with a long and sharp claw. 
In this case the muscles of the leg are strong The Grasp- 
enough to make of these talons, as we now call ^ ^^^' 
them, very effective weapons indeed. It is because 
these animals feed upon the flesh of other animals, 
which they capture alive, that they must be possessed 
of this savage power. The hawk can inflict on the hu- 
man hand a most severe wound, and as for the field 
mouse or the rabbit, they are absolutely helpless in the- 
grasp of these fierce birds. 
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166. It is a satisfaction to turn from these brutal 
weapons to the peaceful duck. Here the hind toe has 
nearly passed out of use, while the three front toes 
The Swim- have had the skin which covers them extend 
inc Foot. Q^^ jjj^Q g^ ^gjj ^jjich spreads between them to 

the end of the toes. This makes of the foot a very 
efficient paddle. While it is being turned forward 
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through the water, the foot is folded and the web 
swings loose, but when the foot is being rapidly pushed 
back through the water the toes extend to their full 
length and then catch a firm hold upon the water. The 
rapid stroke of the leg meets with great resistance from 
the water and sends the animal rapidly forward. The 
geese and the swans as well as the gulls and most of the 
sea-birds share this peculiarity with the ducks and such 
a foot comes to be known as a swimming foot. 
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167. One more form of foot shall claim our attention, 
that of the wader such as the heron or snipe. These 
creatures run lightly over the mud or wade in the 
shallow water of our streams. To fit them for The Wad- 
this work, the legs have come to be greatly "«f«>*- 
elongated. At the same time they are free from feathers, 
as these would be seriously objectionable if they were 
constantly wetted. By this means these birds are 
enabled to nm about our streams and to wade in water 
even of considerable depth. In the case of the heron, 
this habit of hunting in the water is carried to the 
extreme. Sometimes for an hour at a time this bird will 
stand absolutely motionless, the frogs and the fish 
pla3dng with great freedom about him. Suddenly one 
sees the flash of the bill and the head has been thrown 
down and some Uttle creature has been captured to 
serve the heron for food. Of course every animal 
must be able to reach the groimd on which he stands, 
with some organ that can convey food and water to his 
mouth. When a bird gets to have long legs, Uke a heron, 
this must be counterbalanced, either by a very long 
neck or a very long bill, or by a moderately long neck 
and bill. In the flamingo it is the neck whose length 
has been increased to match the legs; in the woodcock 
it is the bill which is imusually elongated; while in 
snipes and herons, as well as storks, both head and neck 
share in this duty. 

168. Another organ of the bird's body which varies 
considerably to meet the variation of habit, is the bill. 
Here specialization has not gone so far as in the feet, 
but there are several distinct types of bill. i^rpM 
A bill for general purposes, serving for worms ®' ®^- 
or fruits or insects, is seen in the robin. A distinctly 
specialized bill, shortened and hardened and thickened 
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80 as to make it an effective instrument for cracking 
the shells of hard seeds, is fomid in our sparrows and 
their close allies. The little wood-warblers and nut- 
hatches have a dainty little bill, slender and pointed, 
which serves for cleaning a tree of small insects. 

169. In the birds of prey, like the hawks and the owls, 
the bill must serve to tear up what their claws have 
captured. In these birds, accordingly, the upper bill 
The Tear- extends far beyond the lower, curving down in 
ioc Biu. f j.Qjj^ Qf ^jjg lower bill and ending in a sharp 
point. The woodpecker has a most interesting modifi- 
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cation of the bill. This serves as an effective instru- 
ment of la3dng bare the burrows of the larvcB of wood- 
eating beetles. When the bill has once pimctured the 
The Drill- burrow the tongue must do the rest, for the 
ingBiu. larva retreats along the burrow. But the 
woodpecker's tongue is long and slender, is sharp at the 
tip and is provided with barbs which point backwards 
and make it impossible for the animal which is impaled 
on the tongue to slip off. When the woodpecker has 
pimctured his way into the burrow of the larva, he only 
needs insert his tongue in the hole thus made and push 
it, when it will follow the windings of the burrow. 
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impale the larva, and come out again with the larva 
clin^ng to its tip. 

170. The duck has a highly specialized bill. This 
is a great broad shovel with which he can scoop up the 
mud at the bottom of a pond. Along the edge of both 
upper and lower jaw are projecting plates TheStmin- 
which, when the mouth is closed, lock into* »«»«b»u 
each other in such a way as to make a very eflfective 
strainer. By forcing the mud and water out between 
these plates, any solid material can be readily retained 
in the mouth, and, if it be valuable, be used as food. 
It will be noticed that the duck has a fleshy pad on the 
tip of his bill. This pad is most abundantly supplied 
with nerves of touch, enabling him to feel, down in the 
mud into which his bill has been inserted, the presence 
and perhaps even the qualities of any object with which 
his bill may come into contact. 

171. Daintiest of all the bills is that of the humming- 
bird. This little creature has gradually changed from 
an insect-eater to a nectar-eater. He doubtless was led 
to this habit by the fact that his ancestors are The Prob- 
true insect-eaters and upon the flowers they ">gBm. 
could easily find the sort of insect they reUshed. Doubt- 
less while eating these insects they must have become 
accustomed to the taste of the nectar on which their 
prey had been feeding. Thus they acquired a taste for 
the nectar and their bills have developed into efficient 
instruments for collecting the fluid. The bill is long 
and slender and serves to penetrate to the depths of the 
flowers on which they feed and there to gather this 
fluid. The tongue, meanwhile, has become a tube 
through which the nectar can be sucked up into the 
mouth. But even these dainty creatures have not given 
up their old diet, and I have seen them industriously 
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gathering up small insects from the bark of an oak 
tree. 

172. No other habits of the birds are so interesting as 
those connected with their mating and nest-building, 
and with the care of their young. It is particularly 
Watchinc desirable that the children should learn to 
tiMNMt. watch the nesting habits of birds, because I 
am convinced that there is no other method so effective 
for preventing cruelty to birds as interesting children in 
their nesting habits. When the birds come to us in the 
springtime, their plumage is usually at its best. The 
males are brilUant in color and their song is brighter and 
more cheerful than at any other time. I am among 
ThABrii- those who believe this serves as an attraction 
liantMaiM. ^^ ^j^^ mate. I can easily understand why 
many biogolists should hesitate to give to insects the 
power to choose a mate. But if there is such a thing as 
attractive coloration, it is to be found among the birds. 
According to this idea, the bird with the brightest 
feathers and the most attractive antics, or the sweetest 
songs, stands in the long nm the best chance of winning 
for himself a mate. So it is that young birds owe their 
parentage to the brightest and most sweet-sin^ng males. 
By this method brilliant coloration has been encour- 
aged. The dull-colored birds in any one group are at 
least a little less likely to mate, and by this means, if 
the theory be true, the bird world is growing gradually 
more brilliant generation by generation. 

173. Of course the tendency would be for the females 
to grow brilliant as well, and it would seem as if in 
many cases where this is possible this tendency has 
produced considerable effect. The female oriole who dts 
deep in her nest is brilUantly colored, though not 
indeed so brightly as her more active companion and 
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mate. The woodpecker, whose home, hollowed out of 
the tree-trunk, completely conceals her, may safely 
flaunt a variegated coat. But most of the female birds 
in our temperate forests cannot afford to be ^^^ j^^ 
conspicuous. They must sit for the most part Colored 
in nests that are completely open. Under *** 

such circumstances to be conspicuous would be to 
notify thar enemies and bring destruction to both 
mother and young. So it is that the brilliant tannager, 
with his splendid red body and black wings and tail, 
has for a wife a mate whose feathers are merely a dull 
olive. The same is true of the orchard oriole, whose 
nest is not so protective as that of his cousin, the Bal- 
timore oriole. The orchard oriole is brown and black, 
while his mate has the olive so frequent in female birds. 
The red-winged blackbird, so common in our swamps, 
shows while flying a brilliant orange spot bordered with 
lemon, on either shoulder, and commonly sways in his 
flight, apparently to show these patches to better ad- 
vantage. As for his mate, she is an exceedingly incon- 
spicuous, striped and speckled female. In spite of this, 
he is constantly afraid when any one approaches the 
neighborhood of their nest and calls out in the greatest 
alarm as if to warn his mate. 

174. That these brilliant colorations serve for the 
attraction of the female would seem further evidenced 
by the fact that by much the larger part of birds they 
are laid aside when the mating season is over. 
During the winter-time, many of the birds that ooiorsAt- 
we are accustomed to look upon as our most *™Mi!te! 
brilUant friends are exceedingly dull in color. 
One of the best examples of this change is found in the 
American goldfinch, perhaps better known as the wild 
canary. This dainty bird has a body of canary color^ 
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with black wings and tail, and with white cross-bars on 
these black wings. It is with much surprise that one 
first learns to recognize these strange birds in the winter- 
time or indeed in the early spring. Then they look most 
micommonly like the sparrows, to whom they are not 
distantly related. The bounding flight and the white 
cross-bars will serve to disclose to us, under this sombre 
garb, our dainty friend of the summer-time. 

175. There are certain peculiar feathers which are 
only carried by the male and often only in the mating 
season. The male of our black-crowned night heron 
Ornamental Carries, during this season, three long slender 
Feathers, feathers, pure white in color, which branch 
from beneath his black crown and sway over his neck, 
reaching down to his back. Each of these feathers is 
curled and there seems to be no possible use for them 
if it be not to attract the females. 

176. A very large proportion of our birds mate in 
pairs, the male and the female commonly remaining 
mated for the entire season, although the imion rarely 

lasts longer than this. The next season, on 

"™*'' returning, the birds seem to pair afresh. There 

are a few cases, particularly amongst pigeons and 

hawks, in which the mating seems to be of long duration, 

perhaps even for life, but this is not common. 

177. In the case of our common chickens, as well as 
of the turkeys and peacocks, polygamy is the constant 
habit. One male gathers about him a half dozen or 
p^j ^ more females and guards them with jealous 
Amongst caro from the approach of other males. This 

is a case of real polygamy, and if we are right 
as to the influences of mating habits on the coloration 
of birds, the effect of polygamy is very marked indeed. 
When one male gathers a group of a half-dozen of 
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females, this implies one of two things and perhaps 
both. He must probably be more attractive either in 
color or voice or manner than four or five other males 
with whom he is brought into rivalry for the female. 
It is necessary for him to drive off as many males as he 
wishes to have females in his group, because, on the 
average, there are as many males hatched from the egg 
as females, and unless they mate evenly such destruction 
of the males must occur. Our common rooster is gor- 
geously colored, is very showy in his movements, has a 
clear voice, and is ready to do battle with any rival who 
may appear in sight. The female, meanwhile, as is 
commonly the case with birds, is very much duller in 
color, has a far less attractive voice, and is distinctly 
quiet in her demeanor. 

178. One of the most successful methods of attrac- 
tion among the birds is that of the voice. Brilliant 
colors cannot be hidden and the^ird which is bright 
enough to attract his mate is conspicuous Attractiv* 
enough to catch the eye of his enemy. Amongst Songs. 
surroundings which bring about joy on the part of the 
animal, the voice swells out; while should an enemy 
approach, it is an easy matter for the bird to keep 
silence. So it has come that the voice is perhaps a more 
frequent attraction, especially in the higher birds, than 
the plumage. Birds that belong to the lower orders 
rarely have good voices. It is almost only amongst the 
so-called perching birds that we find any remarkable 
power of song. The crowing of the cock can hardly be 
called pleasing except to the hen, although his very 
distant cousin, the bob-white, does have a melodious 
whistle. But as we get higher in the scale, and ap- 
proach the thrushes and the finches, the voice begins 
to develop and the songs of some of our birds are the 
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most musical of all the sounds of nature. So many 
people neglect entirely the songs of the birds, that I 
think few of us realize how much pleasure can be gotten 
from the knowledge of their notes. 

179. Most of us can tell a bird only when we see it, 
although we may be bird students of considerable ex- 
perience. Then some day we will be thrown into the 

society of a bird lover who is distinctly ear- 
ofSknigs minded; that is, on whom impressions of 

sound have a very distinct effect and are well 
remembered. Such a person gives a name to every 
twitter as he ^oes through the thickets and woods, 
and many a bird that never would get into seeing range 
is recognized by his voice. The difficulty in this form 
of bird study lies in the fact that it is not easy to de- 
scribe the song of a bird, though quite simple to describe 
his appearance. Hence our note-books are full of 
adjectives which describe rather our delight in the song 
than any real quality in the song itself. Even the cul- 
tivated student of music, who has power to write in 
musical notation the song which he hears, rarely seems 
to convey to his readers any very distinct impression 
of the song which he is attempting to describe. I be- 
lieve, however, that the attempt to improve is worth 
making, and that practice will gradually enable us to 
describe bird songs so that they may be interpreted by 
others. 

180. Perhaps the commonest method, and for most 
people the most satisfactory, is that of making a bird 
say something. John Burroughs and Olive Thorn 
Writing Miller have both of them done this very well. 
Bird Songa. ^^^ almost every bird writer has done a little 
of it. The name of a bird is often an attempt to imi- 
tate its sound. No one who has ever heard the whip- 
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poor-will can even from the first have any doubt as 
to the identity of the bird. The phcebe's name is an 
attempt to imitate his love-note, while the chickadee 
says his name as plainly as any bird we have miless it 
be the bob-white. To make the oven bird say "teacher, 
teacher, teacher,'' or the Maryland yellow-throat say 
"witchery," is to give an idea to the reader that will 
certainly help him to identify these birds in the field. 
But whatever we put into these songs, the bird is prob- 
ably simply &ving expression to great joyousness, and 
joyousness which seems undoubtedly connected with 
the presence of the mate or at least "of the mating 
season. There are a few birds whose songs the pupils 
can easily learn. The clear "bob-white'' of the quail, 
the long-drawn-out "can't see me" of the meadow-lark, 
the warbled "cheerily" of the robin, the insistent 
"teacher" of the oven bird, are so clear and immis- 
takable that they can be very soon learned. A little 
later will come the less-easily described notes of the 
chippy, the bluebird, the brown thrasher, and the 
wren. After these common birds are recognized, the 
other songs will come gradually, and any effort spent in 
the learning of them will bring full reward of pleasure 
to the owner of the faculty. 

181. When the sinpng and the maneuvering have 
had their reward, and the birds have begun to make 
their nests, a new seriousness comes over them. The 
song now is fair less common, probably be- Building 
cause the need for it is partly gone and because ^^ ^•"** 
it would betray to the enemy the presence of the prec- 
ious home. The nest is usually built in some out-of- 
the-way place, although it is astonishing to find how 
little it takes to hide these creatiures. The low nest of 
the oven bird amongst the leaves at the base of some 
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tree in the forest, the meadow-lark's home concealed 
only under the grass of the meadow, would seem to be 
easily trampled upon; but it is astonishing, consider- 
ing their abimdance, how rarely they are found. Far 
safer apparently are the nests up in the trees; perhaps 
the safest of all, those in the trunks of the trees. When 
the woodpecker has hammered his circular way into the 
tree and expanded the hole into a great pear-shaped 
opening, perhaps eighteen inches deep, he has formed 
for himself as safe a refuge as bird can ever know. Well 
out of harm's way are those nests which are on the finer 
twigs toward the extremities of the branch, such as 
are built by the chippy or the king bird; while an 
additional touch of safety is added when the nest 
hangs beneath the limb, as does that of the red-eyed 
vireo and especially that of the oriole. 

182. It is very interesting to watch the behavior of 
birds when in the nest. The food now gathered is often 
quite different from that used at other times of the year. 
Th« Young While the robin himself would prefer cher- 
Birda. ^j^g^ j^^ ^y f^^ j^jg young ou tender bits of 

worm; and the flicker, who himself has a taste for 
beetle larvsB, will gather ants for the delight of his 
brood. 

183. The habits of the young when they come from 
the nest are equally varied. Some birds have large- 
sized eggs. This means that the young may remain in 
Eggs Big the egg for a longer time and have more ma- 
utdsmau. f^^^A from which to develop before coming 
into the world. The young chicken runs from the 
minute he puts his head out of the shell, as does the 
chick ostrich. A young killdeer will lie absolutely 
quiet on his groimd nest, or the spot his mother calls 
a nest, for about one day and after that runs easily and 
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rapidly. At the other end of the scale the young robin 
comes blind and with no apparent habit but that of 
cuddling close to his brothers, and of opening wide his 
mouth as the father or mother ^ves the peculiar cry 
which means the approach of food. The robin's egg is 
small in proportion to the size of the robin, and it is 
for this reason that the young bird is so ill developed 
when it comes out of the shell. The chicken's egg is 
large, even in proportion to the size of the chicken, 
and it is this that gives the chicken its chance of 
development. 

184. If anything is to be done to make the birds at 
home in the neighborhood of the school, get a little pan 
of water and put it up on a post out of the range of 
possible cats, and change the water each day. Attracting 
This will bring a great many birds within *i^«S"^8. 
observation who come either to drink or to bathe. 
Food strewn about will coax many a bird, and Major 
Brown, the bird and bee man of the Middle West, says 
any one can have orioles who will scatter about the 
lawn, when apple-trees are in blossom, pieces of string 
about eighteen inches long. Bird-boxes do much to 
help, especially if they be kept nailed shut imtil the 
migrating birds begin to return and are only left open 
imtil these birds are gone. A lath nailed across a row 
of bird doors, when our common migrants are not 
with us, will save these houses from occupancy by the 
English sparrows, whose constant presence makes it 
easy for them to gobble up these choice places before 
the other birds appear. A piece of suet nailed to a tree 
some distance from the ground will have frequent visits 
from the woodpeckers during the winter season. 

185. Few sides of nature study will have a more 
distinct value than work in favor of the active protec- 
ts 
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tion of the birds. To teachers who have a particular 
fondness in this direction, the Audubon Society will 
appear especially attractive. Membership in it is inex- 
Bird pensive and ^ves one the sense of helping on 

Proteetion. ^ g^^^ ^^^j^ j^g motto, " A bird in the bush 

is worth two in the hand, " is a pleasant reversal of the 
old notion. The great work of this society is to foster 
a love for the bird world and to prevent the destruction 
of birds, either wantonly or for use as ornaments for 
hats. To those who care for feathers on their hats, the 
Audubon rule suggests that we wear no feathers except 
those of the ostrich, whose life is preserved for the sake 
of his feathers, or of our common domestic fowls, which 
are killed for the sake of their flesh and whose feathers 
consequently have not caused their destruction. If 
there is one feather which makes a good bird lover more 
sad to see than another it b the "aigrette," that is to 
say, the great plumes of the male white heron. The 
demand of fashion has nearly exterminated this bird, 
and when the society had a law passed protecting the 
egret, as this bird is called, and sent a man to be bird 
warden along the coast of Flordia where this bird 
breeds, this warden, an earnest and intelligent bird 
lover, was shot to death, presumably by the plume- 
hunters. It seems as if only ignorance of this fact 
could excuse one for wearing these feathers, for beau- 
tiful and attractive as they certainly are, it is beauty 
purchased too dearly. 
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DOMESTIC ANIMALS 

186. When we come to the fur-bearing animals, we 
somehow get to feel as if these were more neariy related 
to ourselves and as if the bond of sympathy between 
them and us was much stronger. We may ^ „ ^ 
succeed in taming members of other groups, a stand Mam. 
bird, a toad, but at best we never come to 
feel the same sense of companionship that hosts of 
people feel for the dog, the cat, or the cow. We may 
be mistaken in thinking that their minds work more 
like ours than do those of the bird or the reptile, and 
far more than do those of the insect or the crab. Many 
men draw the line, just below man and say that the 
mental activity of the lower animals amounts to almost 
nothing; that they have nothing that corresponds to 
man's thoughts; that their mental life is nearly a blank. 
I cannot come to this conclusion myself. While I realize 
that my dog has a decidedly restricted intelligence, it 
still seems to me there are the signs of at least glimmer- 
ing thoughts. Certain it is that we take more kindly to 
the mammals, and they take more kindly to us than do 
other creatures. This group will divide itself for the 
purposes of this study into two distinct sections, ^ — 
first, the domestic animals not necessarily or commonly 
present in the class-room but easily accessible out of 
class hours to every child; second, the wild creatures 
such as the squirrels and the chipmunks, ground-hogs 
and musk-rats whose presence is not so commonly 
noticed and whose acquaintance fewer of the children 
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have learned to make. It may be possible at times 
for a short time to have in captivity one of these latter 
animals. I say for a short time advisedly, because 
these creatures suffer so readily from neglect and appeal 
so distinctly to the sympathies of the children that 
they had far better not be in the school-room if their 
presence serves to render the children callous to the 
feelings of animals. Unless the animal can be kept in a 
fair-sized cage and under conditions that reasonably 
correspond to his wild life, he had better be let go free. 

187. Probably the best of the animals to study is the 
dog. He is far more of a favorite with the pupils than 
the cat and is altogether more amiable than the latter 
The DoK ^^^ ^^^ egotistical animal. He submits read- 
is the Beat i]y to observation, at least at the hands of his 
u ject. friendg and often at the hands of anybody who 
uses him with reasonable kindness. It seems to me 
stultifying to ask even the youngest child how many 
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legs a dog has, and such a question as that should never 
be used. But after you have passed beyond points as 
simple as this there is almost no question about the dog 
that cannot be made interesting, if reasonably handled. 
Perhaps the most suggestive of the ordinary questions 
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is to ask how many toes the dog has. The pupil will 
hardly be able to tell after he has looked, but a little 
questioning will bring out the fact that his dog prob- 
ably has four useful toes on his front foot, while a 
fifth hangs limp and useless some distance up the leg; 
while on the hind foot, four good toes are hwDw- 
found but commonly no fifth. This fifth toe ftppeaiinc 

Tom 

on the front foot is called the dew-claw. It 
is the lingering evidence that the ancestors of the dog 
had five toes on each foot, the natural number for the 
back-boned animal in those days. When the dog's 
ancestor began to walk on his toes, instead of on his 
flat feet, the toe that corresponds to our thumb was 
lifted off the ground. The next step will be to locate 
the dog's shoulder; then his elbow and his wrist; 
and finally to see that he walks on his toes, while his 
wrist is up in the air. Still more startling will the change 
be when one looks at the hind leg and finds first the hip 
joint, then the knee close to the body, finally the heel, 
high above the groimd, while only the toes rest upon the 
ground. It is when we teach a dog to sit up, as we call 
it, we practically teach him to stand on his heels. 

188. One of the most interesting points about the dog 
is his teeth. The teeth of fur-bearing animals are very 
well adapted to the nature of the food they eat. The 
dog is distinctly a meat-eater. His incisor ^^^^^ 
teeth have chisel edges, but are very small. Eating 
His canine teeth are so long that they cross 
each other and are used when he seizes his prey. The 
molar teeth of a dog are not grinders at all; instead of 
meeting each other with broad surfaces, as do the 
corresponding teeth of man or the horse, they glide over 
each other like the joints of a pair of sdssors. This plan 
is most effective for cutting meat into fragments. The 
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truth is that the dog is a wolf, modified of course by long 
domestication and altered to suit his owner's whim. 
But the traces of the old wolf are still apparent to the 
practised observer, in both the form and the habits of 
the dog. The great canine teeth are the ancient weap- 
ons for pulUng down his enemy. The ears of the wolf 
were distinctly erect and never hung over as do those 
of our dog. This is one of the degeneracies that accom- 
panied the domestication and has undoubtedly been 
inten£dfied by his owner. The dog, when taken into the 
home, no longer depends for his safety on the keenness 
of his hearing, and his ears, as do those of some other 
animals in captivity, begin to lop over. Man, pleased 
with the appearance, has cultivated the lop until we 
have the present ear. 

189. But it is not only in the structure that the wolf 
sticks out of the dog, but in several of his habits. The 
constant custom which the dog has of curling before he 
HiB Wolf lies down, is commonly attributed by the stu- 
'^'*^**- dents of animals to a persisting habit. It was 
clearly brought out to me one day when I was out with 
D^y dog, and threw myself under the shade of a chest- 
nut tree, along the edge of a field of growing oats. My 
dog, instead of throwing himself beside me, went into 
the patch of oats, and turned around two or three 
times, trampling down the oats in spiral fashion, and 
forming for himself a very comfortable bed, on which 
he proceeded to lie down. The motion was doubtless 
even in his wolf ancestors quite instinctive and the 
instinct remains, although the circumstances are very 
different. Give him a bunch of cushions on a couch, 
and a dog will soon trample for himself a comfortable 
nest, and even a single cushion has its power for form- 
ing a cosey resting-place distinctly enhanced by this 
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spiral tramping. But the dog doubtless has little in- 
tention in the matter. Before Ijdng down, he turns 
aroimd; if he is uncomfortable, when he is down, he 
gets up and turns again, doubtless quite as uninten- 
tionally as a nervous person clears his throat while 
speaking even though there is no obstruction in the 
passage of the voice. 

190. Another trait that points to his wolf ancestry 
is the fact that he constantly barks at the approach of 
an enemy. This would seem really to defeat the purpose 
of the wolf, who wishes to catch the animal for B^^ykiM 
food. But the wolf is a social animal and atms 



hunts in the pack, and so soon as he sees an 
animal which would be his legitimate prey or his well 
known enemy, his first impulse is to bark, not for the 
sake of warning his opponent, but because he wishes to 
summon the other members of the pack. I do not 
doubt that it is a part of the same impulse that makes 
the dog howl at night. It is usually on moonlight 
nights that this howling is most intensified, and this is 
naturally the sort of night on which the dog can most 
easily hunt. Accordingly when the moonlight comes 
the old impiUse starts up in the dog, and sitting down 
on his haunches he lets forth the howl which is intended 
to gather the pack. The dog in the neighboring farm- 
house hears the howl and responds, and all aroimd the 
coimtry side the dogs answer the ancient call. But 
domestication has taken the meaning out of the im- 
pulse, and the animal contents himself with howling 
and practically rarely attempts to join the other mem- 
bers of the group. One habit of the dog is to me intensely 
interesting. It is his constant desire to keep the tip of 
his nose moist and clean so that he may smell keenly. 
191. It seems to me that the ongLU of the dog in the 
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wolf tells the story as to why he is so easily domestic 
cated. The wolf is a social animal. He is accustomed 
The Ori«in *^ ^^^ ^^ packs and in this pack the majority 
of Hi* So- of the animals are accustomed to ^ve entire 
oAbiiity. obedience and submission to the leader. This 
begets in the animal a train of instincts which fit him 
unusually well for domestication. He needs only to 
transfer to his master the obedience which his ancestor 
owed to the head of the pack. It is an interesting 
thing that most animals which man has succeeded in 
domesticating are such as in the wild state go in packs. 
This has made them much easier of domestication. The 
apparent exception is the cat. But she is to-day but 
very indifferently domesticated. 

192. The dog is a social animal; he hunts in packs 
and acknowledges a leader. The cat is a solitary creat- 
ure; she hunts alone^ as did her ancestors before her, 
^^ and she acknowledges no leader, will serve no 

Uniooiabie master. From this results the fact that the 
cat is distinctly unsocial. At least nine cats 
out of ten prefer a warm pillow, to which they are 
accustomed, to a person. The dog through his whole 
life is devoted to Ms master, whom he will follow every- 
where. Whereas the dog barks at his prey, the cat 
tries to creep upon her prey as quietly as possible. The 
dog summons assistance, the cat seeks prey she can 
handle alone. When the dog runs along a pavement or 
floor, you can hear his nails rattle when they strike 
the surface on which he is travelling, but in the cat, 
elastic ligaments pull her claws far up into her feet. 
So soon as she wishea to use them, muscles on the under 
side of the claws pull them down and they protrude so 
as to form savage weapons with which she holds fast 
to her prey. With claws drawn into her toes, with 
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feet covered with soft pads, with movement that is 
absolutely noiseless, a cat creeps slowly toward her 
prey or watches quietly and patiently near where she 
knows it must pass. With a sudden bound, and with 
all her claws turned out, she leaps upon her victim, 
striking and holding it far more with the claws than 
with the teeth. The canine teeth, however, are long and 
lap over each other, and the jaw is very short. When 
the cat sets her teeth into her victim, she usually holds 
on, and does not snap as most dogs do. 

193. The cat's method of hunting, depending upon 
concealment, is much better adapted to night than to 
day, and so the cat is essentially a night prowler. In 
the daytime she is a dull and sleepy creatiu-e HerStm 
and so we are apt to think of her. But if ^"^*- 
she is granted a reasonable freedom, the night is the 
timie in which she really lives. Now she prowls about 
the thicket, beneath the bushes, watching for the 
sudden rim of the field-mouse, and woe be to the nest-" 
ling bird that has been too venturesome and has dropped 
from the nest before he can fly. Such birds almost 
always fall a victim to the cat or her prowling allies. 

194. It is interesting to note the play of young 
animals, and perhaps no animals are more interesting 
in their play than kittens. Their intense activity, 
their fancy for any rolling objects, and the j>^^^^, 
quickness with which they poxmce upon a in* of Her 
moving handkerchief, are delightful. Play has ^' 
two distinct functions, whether in animal or in man. 
The first is to give an outlet for the excessive energy 
of a growing animal. It is such play as this that we 
see in the horse, when he turns on his back and 
rolls. But much the more important fxmction of play 
is to prepare for the activities of life. It is this that 
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gives zest to athletic games; it is this that makes 
the girl play with dolls and keep house, and it is this 
that makes the kitten leap at a ball or at a handker- 
chief drawn in front of it. Of coiirse she is not inten- 
tionally preparing for life, but none the less the in- 
stincts which arise in her serve exactly that purpose. 
The cat is an animal of questionable standing in modem 
society. In most things she is altogether irreproach- 
able and her propensity for gathering mice is from our 
standpoint quite praiseworthy. But she will insist on 
eating young birds, being quite as fond of them as we 
are of broilers, and she kills off our song-birds at a rate 
which has made many a bird lover her emphatic enemy. 
The Audubon Society suggests that you check the 
increase of your kittens and that cats never be allowed 
to stray while the owners are away from home. 

195. Not the least interesting feature about the cat 
is her set of whiskers. It needs but little observation 
to show that these are far better developed than are 
^^^ those of the dog. The dog rather dislikes 

Sensitive having his whiskers toyed with, but the cat 
"* finds this a serious annoyance, and except at 
the hands of very intimate friends will not submit to 
it. The dog's whiskers are straggling and irregularly 
bent. The cat's whiskers are beautifully curved and 
stand out with regularity. These long stiff hairs are 
entirely different from those that cover the body and 
serve a different purpose. At the base of each hair is a 
nerve of touch, and when anjrthing comes in contact 
with the outer end of the hair the motion is promptly 
transmitted to the nerve at the base and news of it 
brought to the brain. The cat's whiskers reach far out 
from her mouth and the result is most interesting. It 
is not an uncommon sight to find a dog stuck imder the 
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fence; he has attempted to creep through a hole too 
small for his body. One rarely finds a cat in such a 
situation. Should she think of entering a hole she needs 
but put her head into the opening when her long whiskers 
serve her as an accurate gauge of the capacity of the 
hole. By this measure she can tell definitely whether 
the hole is big enough to accommodate her body. When 
the whiskers tell her the hole is too small the cat, unless 
absolutely distracted by fright, will not think of attempt- 
ing to pass. 

196. One of the domestic animals that has for a very 
long time lived with man is the horse. At first man ate 
him, as we know from the pictures which the cave-man 
drew on bone or on the walls of his cave. It 
was probably much later that some tribe Hone an 
learned to use him as a beast of burden. We Frtmd^ 
have noticed the fact that the dog in rising on 
his toes, has elevated one toe off the ground. The 
horse has carried this much farther; his forefathers 
have elevated and lost toe after toe. His earliest an- 
cestor with which we are acquainted was about as big 
as a fox; but as his descendants grew taller and longer 
of limb, they dropped toe after toe, until now our present 
horse runs on the middle toe of each foot and shows no 
external sign of having had more. When we ^.^ 

come to examine his bones, however, it is Single 
easy to notice the remains of two more toes, ^' 

though they no longer project through the skin. As the 
horse has taken to walking on one toe, he at the same 
time passed from a lowland to an upland animal. On 
the new and harder ground his nail developed about his 
one toe until it has grown into the present hoof. On 
his native plain, this wears away as rapidly as it grows, 
but when we put him upon our hard roads, the nail 
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would be altogether too soft, so we tip it with iron. 
This entirely prevents its wearing away and the nail 
would grow too long, did we not pare it for him every 
time we change his shoes. 




Fia. 25 — Tkk HobsbIi Hdvd Lbo 

197. As the horse slowly raised his body from the 
ground on his lengthening legs, in order that he might 

reach the groimd with his mouth, his neck 
T^gth^ftd and particularly his head have lengthened. 
Neck.*"** So it has come to pass that the horse has 

acquired an unvisually long head, much of 
the length coming between the canine and premolar 
teeth. 

198. The cow, take it all in all, is doubtless the most 
useful of all the domestic animals. She is often raised 
simply for the fact that we can eat her; but in closely 
settled coimtries it is her milk-giving qualities that have 
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endeared her to us. Most of us quickly forget for what 
the milk is intended, or even complacently consider 
that she was intended to give us milk. Of course the 
milk is meant for her calf, and she never pro- ,j^^ ^^ 
duces milk until she has had a calf. When we » the 
take the young from most animals, the milk fuiAnixnai 
promptly dries up, and in the case of ill- to^**^- 
bred cows such is Ukely also to be the case. I am 
told by one who was for years a resident of Egypt, 
that the small poorly-bred cows of that coimtry promptly 
cease ^ving their milk when the calf is 
taken away, imless the owner takes the 
skin from the calf, stuffs it with straw, 
and stands it upon four sticks for legs. 
When this is placed beside the poor de- 
luded mother she caresses it, Ucking it 
lovingly, and keeps on ©ving her milk. 
In the better bred stock of this country, Heel 
we have through long generations accus- 
tomed the cow to keep on giving her milk 
long after we have taken away the calf. 

199. like the hind feet of a dog, the feet 
of a cow have completely lost one toe, 
but of the four remaining toes two are fiq. 26--Cow's 

, _ ,, . _ ° 1*1 Hind Lbq 

used for walking and are firm and hard. 
These make the "cloven hoof." The other two toes 
still hang behind the cow's leg as small and useless 
remnants. Such a foot as this is not so well adapted 
to hard soil as is the single hoof of the ^^ 

horse, and the cow, not being so well able "aovon" 
to escape from her enemies as is the horse, 
is somewhat better provided with means of defence 
in the shape of the horns which grow out of her fore- 
head. 
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200. Perhaps the most interesting feature of the 
COW; a feature which she shares with the sheep, the 
goat and the deer, is her peculiar method of eating. 
TheRumi- ''^^ ^^^ ^*® Completely lost her incisor and 
nating Canine teeth in her upper jaw. Instead of 

them, she has across the whole front of her 
mouth a crackled pad, much Uke that on the foot of a 
dog. Her lower front teeth do not strike fair against 
this as our teeth meet each other. Instead, the lower 
teeth slip forward, pressing thdr upper sides rather 
than their tips against the pad. These lower teeth are 
movable, as if set in rubber. The tongue is very long 
and flexible. With it the cow catches up a bunch of 
grass, draws it across her lower teeth, pinches it between 
them and the opposed pad, and throwing her head 
upwards, cuts oflf the grass with the lower teeth. The 
horse, by the way, would catch the grass between his 
lips instead of with his tongue and pull his head toward 
him instead of upward. The horse, too, would stop to 
chew the grass; the cow does not. She swallows it 
whole and can keep on nipping and swallowing grass 
for an hour. Then if there be a tree near by, she will 
lie down beneath it and the chewing process begins. 

201. When the coarse grass was first swallowed, 
before it had reached the true stomach, it pressed open 
a slit in the under side of the gullet and slipped down 
Chewing into a big bag called a paunch, and here a 
the Cud. \Q,Yge amount of food collects. Opening out of 
this pf^unch is another pocket called the honey-comb, 
because ridges shaped like the honey-comb stick out of 
its walls. In this pocket the grass is rolled up into balls 
about the size of small apples. When the cow lies down 
beneath the trees, she is able to force up one of the balls 
of grass, which we call a cud. The cud passes through 
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the slit and up the gullet into the cow's mouth. Here 
she slowly and carefully chews it, this time swallowing 
it. In this fine and moist form, the food passes over 
the slit of the paunch and on into a strainer called 
the many-plies, because its surface is folded Uke a 
closed fan. After the chewed grass is well strained 
here, it passes on into the true digestive stomach. 

202. The fact that the cow was originally a wild 
animal, with little means of self defence, is doubtless 
the explanation of its strong chewing power. This 
allows the animal to go out into the open, rj^^ q . . 
gather what food it quickly can, and retire oftheCud 
into the obscurity of the thicket, where at its 
leisure it can chew and digest the food it has thus hastily 
gathered. These animals are keen of smell and it is 
interesting to notice that whenever the wind is at all 
brisk the cows in the field are likely to face toward the 
wind as they feed. It is a remnant of the old instinct 
which taught them to watch for their enemies in the 
direction in which they could catch them farthest away. 
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Rodents. 



WILD ANIMALS 

203. Most of the wild animals of our woods have 
disappeared before the approach of man. Almost all 
those which have succeeded in outwitting him, and have 
The su ^®P^ ^P t^eiT numbers, are small and inoffen- 
I of the sive creatures which owe their safety to their 
timidity and quickness. They chiefly belong 
to one great family, known as the gnawers or rodents. 
Their peculiarity is the fact that they have only two 

front teeth in the 
upper jaw and two 
in the lower jaw; 
they have no canine 
teeth and there is a 
long gap, as in the 
horse, between the 
front teeth and the 
back. There is an 
interesting peculiar- 
ity about these front 
teeth. Whereas in 
most teeth the ivory 
or dentine is on the inside and the enamel on the outside, 
in these, the ivory is at the back and the enamel at the 
front. The ivory is much softer and wears away faster 
than enamel, and this process keeps a sharp cutting- 
edge of enamel dn the front of the tooth. The whole 
tooth keeps growing continually and hence can be worn 
hard without being rubbed to a stump. In this group 
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of the rodents we have, amongst others, the rats and 
the mice, the squirrels and the chipmunks, the musk- 
rat and the beaver. 

204. I have never watched any other animal in cap- 
tivity that kept himself so scrupulously clean as did a 
gray rat. I had often wondered what was the purpose 
of the long, slender, nearly hairless tail of the 

rat and the mouse, but I think this fellow interest of 
taught me the truth connected with it. The *'^®^*- 
short, stiff hairs of this tail have nerves near their base, 
and hence serve for the sense of touch. The rats and 
the mice Uve constantly in long and narrow burrows 
and it must doubtless often be necessary for them to 
retreat rapidly in a hole so small that they cannot turn 
around in it and it must add largely to their ability to 
run backwards through the hole to have a sensitive organ 
which can precede them. 

205. The squirrels are members of this group that have 
taken to living in the trees, and here once more the tail 
has received a peculiar development. It has long hairs 
that spread out in two directions, forming a g<jui„^ 
thin parachute. This undoubtedly makes it andth© 
easier for these creatures to make their long 

leaps through the air. It doubtless supports them 
somewhat but probably is more effective as a rudder, 
giving them a power to light on the spot at which they 
aim. Of all the rodents they seem to be the safest 
from harm and consequently to live most comfortably 
close to man. But they pay for it by a Ufe of constant 
alertness, for I know of nothing else so nervous and 
quick in its movements as a squirrel. Once they have 
learned that man is their friend (and they are quick to 
learn it) they become quite fearless. In the Pennsyl- 
vania capitol grounds at Harrisburg I had four squirrels 

18 
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clambering over me at one time. One was on my knee, 
one on my arm, one on my shoulder, and one on my 
hat. They had never seen me before, but in less than 
half an hour, with chestnuts and almonds, I succeeded 
in gaining their confidence. 

206. The little striped-backed chipmunk is not social 
like the squirrels, but with a little encouragement he, 
,j^ too, will make friends. Instead of living in 

Untodfti the trees, the chipmunk makes a burrow for 

'^ himself under ground and this he fills with 
wheat or cherry-stones or chestnuts, often in quan- 
tities one would think enough to last for several 
winters. He is particularly adapted to gathering such 
food. Inside of his mouth in each cheek he has a fur- 
lined pocket and this pocket he can stuff with the ma- 
terial he wishes to carry home, until his head is flattened 
like that of a snake. One summer while living in the 
woods a chipmunk near my cottage became more and 
more friendly each day. Soon we learned to put a 
plate on the veranda for chippie, and on the plate we 
put all the cherry-stones that accumulated at the table 
and not a few of the kernels of almonds and English 
walnuts. The chippie grew quite at home and would 
take a nut kernel from the hand of almost any member 
of the party who would At quietly while feeding him. 
My daughter seemed to be unusually successful in 
making friends with the chippie. She placed a nut 
kernel carefully in each hand and closed her hand upon 
it. The chipmunk ran up into her lap, forced his nose 
into her closed hand, took out the kernel, stuffed it 
into his cheek, ran over to the other hand, gathered that 
kernel also, and then away to his nest. One morning 
I carefully counted the cherry-seeds as he stored them 
away and one chipmunk carried in his two pockets, at 
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one time, thirty-nine cherrynstonefi. There may have 
been some outside of the pockets in the mouth, but his 
mouth was closed on them and his head looked pre- 
posterously wide. 

207. The groimd-hog is a distant cousin of the squir- 
rel and of the chipmimk. He burrows in the ground, 
but he does not stow away food in any quantity in his 
burrow. He is stupidly fearless and even at ^^^ g^^ .^ 
the attack of a dog will often stand his ground. Oiound- 
When he runs, his gait is awkward and not ^' 
very rapid. Altogether he is much lower than the other 
members of the group. The ground-hog feeds on most 
of our common vegetables, with perhaps a special fond- 
ness for apples and turnips. His habit of sleeping over 
winter is well known. 

208. Our common cotton-tail is a great favorite 
amongst the country boys, though I fear the chief 
fondness for it is as a mark to throw at and as a variety 
in the fall food. The rabbit ordinarily eats ^jj^j^^j^ 
green food and is partial to the tender vege- bit's white 
tables of our gardens. When winter over- 
takes him, however, he is very apt to be driven to eat 
the young bark from sapling trees. It is this habit that 
makes him so severely disliked by nurserymen. The 
white tail of the rabbit has received an exceedingly 
interesting explanation. It is one of the cases of recog- 
nition marks. In case of sudden danger the rabbit can 
nm quickly, and her young have an unerring guide to 
follow in the quivering tail with its white tuft. 

209. We have always regretted the disappearance of 
the beaver with his habit of building dams and houses 
in the water; but the truth of the matter is, that our 
common musk-rat is in many respects as interesting 
as the beaver and very much like him except in aze. 
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While he will not build much of a dani; be will build 
houses in the dam if you will furnish the latter. In the 
banks of a running stream he will build a bur- 
Rat b * row with its opening beneath the surface of 
^Yw? ^^® water, and to this he will bring large fleshy 
roots of all kinds. In front of it you will fre- 
quently find great quantities of the shells of the mussel. 
Whenever he can find a dam instead of a running stream, 
he builds himself a house of sticks or comnstalks and of 
mud. He makes the entrance to his house beneath the 
water and the whole looks so like a mass of drift-wood 
as to commonly attract little attention. 

210. The varying habits of passing the winter among 
the members of this group is most interesting. The 
rat, the mouse and the rabbit hunt thttr food in winter 
How Mam- *® ^^^^ ^ ^^ summer. When food is abundant, 
maisFtafl they have plenty; when it is scarce, they 
™ '' starve. The musk-rat and the squirrel store a 
considerable amoimt of food, but any pleasant day 
during winter they will frequently forage for additional 

material. The chipmunk 
puts away enough food to 
last him all winter and does 
not show his nose above the 
ground imtil the weather is 
pleasant; meanwhile he lives 

Fio28 — ^The MoLK i» X i_i J •! • 

comfortably and cosily m a 
warm burrow, with lots to eat. The ground hog takes 
a simpler method. He crams himself with food whenever 
he gets a chance, and by the time fall comes he is fairly 
loaded with fat. He disappears into his burrow and goes 
into a stupid sleep. At his slow rate of living, his fat is 
enough to keep him for the winter, and he stays there 
imtil spring, when a bright warm day will bring him 
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out. The curious notion that the second of February 
is his day to try the weather, and that he can prophesy 
the condition of the weather for the next six weeks, is 
of course nonsense. 

211. The propensity which the mole has for digging 
in the lawn, raising a ridge in the sod at the same time, 
and the fact that he apparently loves freshly-planted 
beans and peas, makes him an object of dis- The Dig- 
like to the farmer. Accordingly the mole is «™«m<>i«- 
apt to be killed as soon as he is seen. But if we can 
stay the hand long enough for the school to get a good 
study of him, he will perhaps pay for his misconduct. 
If the boys can be persuaded to return him to the 
woods, instead of the fields, he may be permitted to live 
without disadvantage to us and doubtless with great 
addition to his own pleasure. The soft fur of the mole 
is one of his daintiest characters. He can come out 
of the ground and give himself a whirling shake and be 
free from every sign of the earth through which he has 
taken his way. It is almost impossible to believe that 
an animal can live in dirt without being dirty, but the 
mole certainly does. His fur is softer and finer than that 
of any other of our mammals. His life imder ground 
gives him so little use for his eyes that, from the outside, 
little more can be made out than a dent in the fur, 
out of which it is very doubtful whether the mole sees 
much of anything. 

212. The most interesting adjustment of the mole's 
body to his digging life is seen in his big front paws. 
These are short and stout and end in strong ^^.^ 

claws. Flexibility of the hand is practically Shovel 
gone and when he walks he rests on the edge ** * 

of his hands instead'of on the flat palms. This gives 
him a very awkward gait, but once let him get 
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beneath the surface and it is astonishing to find how 
rapidly he can make his way through the earth. When 
the mole is taken into captivity, he will eat apple, 
although his native food is believed to be earth-worms 
and small insects. He is very fond of water, which he 
takes greedily, and he must not be allowed to lack for 
water or he dies quickly. 

213. When one overcomes his antipathy to the bat, 
the creature is exceedingly interesting. One need not 
hesitate to pick it up; its teeth are so small that its 
Theiiia- ^^^ ^® almost ludicrous, and it is easy to 
undentood catch One wiug in each hand in such a way 

that the animal cannot bite. It is the wing, 
of course, that makes this animal interesting. In the 
bat's wing the thumb becomes a short claw, while the 
rest of the fingers are enormously long. The skin 
stretches between these fingers and along both sides of 
the arm and down the body to the hind leg. This wing 
has somewhat the feel of thin rubber, or of a sort of 
silk, and is exceedingly beautiful. On looking through 
it toward the light, its blood-vessels will be seen to 
divide and subdivide until they make a complete net- 
work. This little creature fiies about in the evening, 
capturing insects. 

214. In the study of animals and plants, as rapidly as 
the child's mind is ready for it, there should come 
reasons for structure. This is an exceedingly interest- 
structure ^^^ form of study. A natural mind hxmgers 
and Habit to kuow why things are as they are. While 

it is true that a very great many of our expla- 
nations of things will prove to be valueless, and occa- 
sionally prove to be altogether wrong, this is no reason 
why, until .we have better information, we should not 
use our present explanations. A habit of looking for 
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reasons will arise which is far more valuable than any 
actual information that may be gained at any one point. 
Only we must take care not to be too dogmatic in the 
matter of our explanations. Our pupils will soon learn, 
provided we are modest enough in our statements, that 
these conclusions of ours are liable to be mistaken and 
will be corrected when we know better. We will be 
slow at learning better unless we keep on training 
young people into a desire to know why things are as 
they are. 

215. The scientist occasionally looks aghast at the 
work in n^ature study and laughs at its blunders, as if 
science herself made no blimders. It seems strange 
that men who are accustomed to find ad- ^ 

Oup 

vanced text-books on their own subject use- Frequent 
less after ten years, should quarrel with the 
nature student because of the absurdity of some of the 
things he does. The nature teacher must try his best 
to be right and then go ahead, never hesitating to 
correct himself so soon as he knows better, but not 
deterred by a too blighting fear that what now seems 
to him to be true may some time prove to be wrong. 
Probably one-third of the statements in any scientific 
text-book which is at all near to the front of investiga- 
tion will be foimd in time to be wrong, or at least ex- 
tremely partial, but for the present that book represents 
the best we know and for that reason is the nearest 
approach to the best we shall know a little later. 

216. There is a school of psychologists investigating 
the mental life of animals from the lowest organisms 
up to the highest. Some of these men are for the pres- 
ent finding animals strangely mechanical, though now 
and then there are found traces of individuality far 
lower down in the scale than we would expect. The 



«00 THE STUDY OF NATURE 

present swing of the pendulum is to ^ve animals a 
very mechanical mental life. This is a reaction from 
The Pay- * previous tendency to make animals almost 
ohoiogyof as intelligent as man. The pendulum swings 
back again from side to side, and it will 
be long before we have any certainty in the matter. 
My personal feeling is that we will find the higher mam- 
mals less mechanical than it is the present fashion of 
science to believe, and we will find that man is more 
mechanical in the great mass of his mental activities 
than we had realised. 

217. But this is altogether a different problem from 
the one the nature teacher has to confront. He must 
face his own problem and realize that he is to teach the 
Pencm- child-miud. I am quite confident that when 
ifyinc he porsouifies the flowers and fruits and makes 
animals do things with the intention of secur- 
ing that which they really do secure, he will not be 
misled as much as the scientist is tempted to think. 
The impression it makes on the minds of the pupils 
at their time of life is nearer the truth, and in the course 
of time will grow into the truth better than if, in their 
imaginative minds, we should paint the facts in the 
sombre colors and the hesitating outlines of one whose 
scientific conscience forbids his asserting clearly that 
which is yet in doubt. The only way in which a child 
can understand an animal is to make that animal act 
from at least some of the simpler motives with which 
he would act; otherwise the actions are meaningless. 
Primitive man explains things thus, and the child is 
primitive man. It should be our care to so present 
these primitive notions, that there shall be in them the 
power to grow, as the child grows older, into the con- 
cepts of modern science. We must not let the scientist 
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frighten us unduly. When he has settled the problem 
of the mind of animals to the general satisfaction of 
his fellow scientists, the yoimg teacher will not be far 
behind in catching so much of the spirit of his inves- 
tigation as is suited to the purposes of elementary 
instruction. 



XV 

THE GENERAL LIFE OP THE PLANT 

218. A SEED is a plant baby with a legacy large 
enough to support it until it is able to work for itself. 
Somewhere about the new plantlet, the parent plant 
The Mean- ^^ stored enough of starch or of oil, or some 
ingofthe such Other inheritance, for the baby to feed 

Seed 

upon. The plantlet in the seed has the essen- 
tial parts of a full-grown plant; at one end is the be- 
ginning of the root, at the other the very first leaves, 
and between them the stem. These parts can be readily 
made out in the bean or pea where the two seed-leaves 
make up nearly the whole of the seed, while the stem 
with its root at one end curls along one side. In the 
walnut or hickory we have the two leaves plainly stand- 
ing apart and between them, at one end, a cross-bar 
with two points. In this cross-bar is the stem and from 
the point nearest the end will spring the root. From 
the opposite point, l3dng more clearly between the halves 
of the kernel, will come the new shoot. 

219. It is this rich store of nourishment, packed 
away closely, that tempts so many of the animals to 
u * the ^^^ seeds. Man has cultivated the grains and 
Nourish- the uuts. Many birds, like the sparrows and 
™*^ ' the canaries, have short, stout bills for crush- 
ing them, and many insects, particularly of the weevil 
kind, make them their homes. 

220. The plant was actuated by no consideration 
for us when it packed away all the food. The seed finds 
itself on or in the ground. With the opening spring, 

20« 
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when the proper amount of moisture and warmth 
has reached it, the lower end of this plantlet stretches 
out into a root, covered with its delicate 
plush-like root-hairs. This pushes on, guided use of the 
by impulses that cause it to grow downward, ^°^j|[^" 
away from the light and toward water. 
When the root is well out and fastened, the stem erects 
itself and throws its tip-bud up into the air. As ^he 
plant grows the part containing the stored nourishment 
becomes steadily smaller and finally dwindles away. 




FiQ. 29 — Qsowma Pumpkin Seeds 

221. Such, a seedling plant is already furnished with 
all the primary organs of the plant which, for the 
purposes of our study, may be looked upon rj^^^^^ 
as root, stem and leaf, though the last two of a 
are* sometimes spoken of by botanists as one 

and the parts are then known as root and shoot. Each 
of these members has a very definite work to do. 

222. The root of a plant has regularly two duties to 
perform. First of all, it must penetrate the ground in 
all directions and gather for the plant its moisture and 
its dissolved mineral matter. Roots cannot stretch, 
as young stems do, or they would shear ofif their 
side branches. They can only grow by addition to their 
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ends, boring their way through the earth. But here 
another difficulty presents itself. The growing tip of 
^^ the root is necessarily tender and would be 

Work of readily injured as it insinuates itself into the 
crevices of the soil. Accordingly it is provided 
with a thimble-like root-cap. This cap has its growing 
surface on the inside next the grow- 
ing root-tip, and as the outer, dead 
portion wears away its place is taken 
by the later-formed material. 

223. As has been previously men- 
tioned, in almost all plants, the roots 
Fio. 30— The Grow- ^^^ strongly downward rather than 
iNQ Root-tip upward; away from, rather than 
toward, the light; and toward, rather than away from 
water. As the root-tip elongates and branches, each 
,j^ tip goes through a slow spiral movement. It 

Growth of is this feeling about that allows the roots to 
^ find each cranny and crevice in the soil and to 
enter in search of water and the mineral substances 
dissolved in the water. Just back of the growing tip 
the root is covered with a fine plush-like coating. Into 
this plush the water soaks, as it does into a prune when 
it is allowed to lie in water, and the material this absorbs 
is handed on through the stem to the leaves of the plant. 
224. The root's first duty of gathering nourishment 
having been performed, another function usually fol- 
lows, namely, that of holding the stem ri^dly in place 
Holding up SO that it may lift the leaves into the air and 
the Plant, gunjight. Somo roots fail in this work, usually 
because the stem is too weak to make it worth while, 
and then the plant either lies prone on the earth or 
clambers lazily to the light by clinging in some way 
to a sturdier plant. 
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225. Whenever a plant has a life longer than one 
year, the roots are very apt to have thrust upon them 




^ 




Fio. 31 — ^Jack-in-the-Pulpit 

at least a share of a new duty, that of holding stored 

nourishment over winter. Sometimes, as in 

the beet and turnip, the root does this alone; 

sometimes, as in most of our trees, a large 

part of the winter store lies hidden also in trunk and 
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Storehouse. 
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branches. Such store of rich material, usually starch, 
is naturally a strong temptation to predaceous animals, 
whether boy or must-rat, and accordingly many plants 
have learned to protect themselves. In the case of the 
well-known "Indian turnip," which is, strictly speak- 
ing, the underground stem, rather than the root, of 
Jack-in-the-Pulpit, the material is intensely biting to 
the tongue. Other roots ^ve themselves so unpleasant 
a taste as to escape molestation. The horse-radish and 
the blood-root are well-known examples of this tend- 
ency. Man, with a peculiar perversity in such matters, 
has dug up the pungent horse-radish. He grates it 
and puts a very little of it on his food to give it what 
he calls a relish. I think mustard and spice generally 
are amilar cases in which a material which originaDy 
served as a defence to the plant is used by man, in very 
small doses, because he likes to be poisoned just a little. 
The tobacco leaves, laden with nicotine for their own 
safety, are now relished by two creatures, man and a 
long, green caterpillar. 

226. The stem is the aspiring part of the plant. Its 
prime work is to produce from its growing tip, succes- 
sively, the new leaves and, later, branches bearing 
leaves, and to lift them up into the air and 
aeekins the sunlight. Plants need never choke each 
**°^ other in their battles for air, because air can 
travel in and out and bend and twist until it has reached 
the last little comer. But light travels in straight lines 
and most of the variations in height and position of 
grass, herb, shrub and tree are but adaptations on the 
part of the plant to secure its share of the precious en* 
ergy, streaming down from the sun, and only to be made 
available for the purpose of life after it has been acted 
upon in the green leaf. So the great function of the stem 
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is to put each leaf where it can catch its share of sun- 
shine. The stem is also the great highway for inter- 
change of products between root and leaf. 

227. K plants are to live only for the warm portions 
of a single year, the stem is usually tender, like the 
leaves. Thiere is scattered through it much of the pulp, 
and this contains the living material of the The living 
plant. This pulpy material is built up of ^*^P' 
exceedingly small sacks of the life-substance, which 
the scientist calls protoplasm. This is the only really 
living material substance on the earth. Plants are 
alive and animals, too, solely because they are made of 
these so-called cells of protoplasm. In the tender young 
herbs, that live for but the one growing season, much of 
the stem is made of this pulpy substance. The strands 
of stiflfening and the sap-carrjdng pipes make up but a 
small part of it. The proportion of stififening to pulp in 
tender plants is readily seen if we tear a stem of celery 
and notice the curling strings that pull out, or stand a 
stem of Touch-me-not in water colored with red ink. 
Then the strands of stififening fibres and conducting 
vessels immediately become evident. Such a stem as 
this depends for its stifiTness on its being kept abso- 
lutely saturated with water until every cell is as plump 
as a prune that has been soaked over night. Let evap- 
oration from the leaf surface go faster than the roots 
can supply new moisture, or tear the plant away from 
its roots, and the stem rapidly becomes limp and flat, — 
that is, it wilts. Let a heavy frost appear and each cell 
is ruptured, and even perhaps its protoplasm frozen 
and killed. Such tender plants are known by the fine 
old Saxon name of herbs. 

228. While it is true that a very large number of 
plants live but a sin^e year, there are others which, 
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while not attaining to the dignity of a long life, still 
last two or three or more years. This time is 
too short, apparently, to make it worth while 
to put out a woody stem that is hardy enough 

to outlive the winter. Accordingly during the first year 



Under- 
sround 
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Fio. 32— Solomon's Skal 



the plant gives itself up entirely to leafing. All the 
rich growing material it produces and does not imme- 
diately need, it carries down below the groimd. Here 
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it is gathered in a fleshy, well-stored root or in an under- 
ground stem. In plants which last two years, in their 
native habit of growing, such as the beet, radish, and 
turnip, the nourishment is commonly stored in roots. 
The Solomon's Seal, the May apple and such plants last 
longer; the parts above ground dying down each year, 
and the new growth the following year coming out a 
little farther on. In this way, the underground stem 
gets a knotty, jointed structure, which distinguishes it 
from a root. But it is in the plants whose lifetime is 
prolonged for a series of years, varying from only a few 
years in some of the shrubs to perhaps two thousand 
in the greatest of trees, that the most careful provision 
must be made. In this case the stems have mingled 
with the pipes that carry the sap a very large propor- 
tion of thickening walls and stiffening fibres, and this 
constitutes the bulk of what is commonly known as 
wood. 

229. All growth in thickness of the stem is produced 
by the cambium or thin line of tissue Ijdng just between 
the bark and the wood. In early spring this cambium 
layer is rapidly forming the larger pipes to Making a 
serve for carrying sap. This makes possible whwUe. 
the common practice amongst children of choosing a 
coarse-grained wood that has at the same time a fairly 
tough bark, like the willow or chestnut or maple, for 
making whistles. This is chiefly a spring practice; for 
after the fibres of wood begin to be thoroughly hard 
there is much more difficulty in slipping off the bark 
without splitting it. The tube between nodes, — that 
is, between budding points, — is wetted to soften 
the bark fibres so it will not split. The wood is then 
beaten until the cambium cells are crushed, when a 
skilful twist separates the bark from the wood, as a 

14 
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hollow cylinder that can be slipped off the end of the 
stick. , 

230. Inasmuch as the new material is all formed 
from the cambium, and this lies between the wood and 
the bark, it is quite evident that the newly-formed wood 
^^ must lie outside the old wood, while the young 
the Bark bark lies inside the older bark. As a result of 

this the old bark, which fitted the old trunk, 
must stretch as new bark and new wood are formed 
beneath it. This it will readily do for a number of years, 
but finally, bdng cut away from the inner nourishment, 
the outer bark loses its elasticity, and then it becomes 
split and broken. Everyivhere through the bark are 
minute breathing pores, and the size, shape, and dis- 
tribution of these are the main factors in deciding 
whether the bark shall split up and down, like the 
hickories and oaks and chestnuts, or crosswise, like the 
birches and cherries, or simply gradually crumble off, 
like the beeches. 

231. But while it is true that in the great majority 
of plants the stems thus serve to lift the leaves into 
the air and sunlight, others behave as if less imbued 
stems ^th a sense of their duty and more and more 
that Lean, inclined to shirk it. Thus many blackberries 
and raspberries, after a little growth, bend over and 
reach the ground. As these sway in the wind they rub 
a groove in the ground, at the same time often wounding 
the bark of the twig. From such places roots are very 
apt to spring and the tip is anchored and ready to start 
a new growth. Other stems, like the ground ivy, have 
become quite prostrate, rooting at practically every 
joint; only the tip turns up, with its cluster of leaves 
and of flowers, for the flowers must catch the eyes of 
the insects. 
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232. Still others without giving up their struggle 
after light and air have not the vigor which would hold 
them erect. Accordingly they have taken to holding on 
to their more robust companions. Whether vines 
they simply twine about their host or hang *^*h««. 
on by tendrils or by roots springing from along the stem, 
they gradually clamber over the host, often so shadow- 
ing its leaves with their own as to completely Ught- 
starve the supporting plant. 

233. A few imusually lazy plants, like the dodder, 
that yellow thread-like vine that so often entangles 
succulent herbs by the water's edge, not content with 
resting on their helpful neighbors, eventually Robber 
have come to thrust rootlets into the very Plants, 
veins of the host. With almost diabolical accuracy 
they seek the pipes that carry prepared sap, and on this 
they live. Of com-se this renders their own leaves un- 
necessary, and this is true as well of the green coloring 
matter itself. Accordingly these parasitic plants have 
become yellow and leafless. 

234. It is the leaf, that is after all, the crowning 
glory of the plant. Nothing but the abtmdance of 
leaves on every side prevents us from realizing their 
wonderful beauty. We think or flowers as t^^i^^ 
having the greater charm. But a tree all portanoeof 
flowers is only beautiful if embowered amongst 

trees all foliage. If the flowers were the common and 
leaves the rarer spectacle, we would turn with delight 
to the quiet, cool restfulness of foliage. The leaf, too, 
is by far the most industrious part of the plant. The 
life of the root is more subdued, more passive; but the 
leaf labors with intense activity during the day and 
then spends the night clearing the scene of action for 
the work of the following day. On the activity which is 
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carried on chiefly in the leaf, all the life of the world, 
both animal and plant, is directly and immediately 
dependent; for the leaf absorbs sim power and packs it 
away in the starch and sugar it builds up in the leaf. 

235. Now while it is true that any green part of 
the plant has this faculty of storing up sun power, 

this is very especially the work of the leaf, 
•Tnm»- which is thus a device for catching sunlight 
p^w.^' and converting it into forms of power use- 
ful for performing the life activities of ani- 
mals and plants. It is because animals and plants use 
the food the plant has packed away that they have 
power. 

236. This is the reason for the regularity with which 
leaves are arranged on the stem. An examination of 
any young, vigorous, erect-growing twig will show 

what pains nature takes to see that each leaf 
2Uj^iJ;jJ^*" shall get the largest possible share of sunlight. 
^rraag^ It ig a matter of common observation that 

mont. 

plants grown in a window become one-sided. 
Looked at from the room, a set of spindling stems 
forms a very iminviting view. Looked at from the 
outside of the window, and this is the sim's point of 
view, the leaves crowd and jostle each other like a bevy 
of children looking out to see the circxis go by. 

237. In some plants, the maples for instance, the 
leaves spring in pairs from the opposite sides of the 
stem. The lowest, of the year's growth, have the longest 
Opposite leaf-stalks, and these hold their leaves farthest 
Leaves. fj.Qjjj ^j^g stem. The pair next above stands at 
right angles to these and the leaves do not extend so 
far out. The third set stands over the first but with 
much shorter stalks so as not to overshadow the first. 
The fourth pair is over the second; and this plan con- 
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tinues to the top. Below the last year's growth the 
twig has branched, and any leaves formed there are 
carried far enough from the stem to escape being 
screened by those above. While this is true for upright 
stems, and most stems seem contrived to fit upright 
growth, when the branches start out horizontally the 
plan is modified. The 
leaves still spring from 
the same points as be- 
fore, but they bend and 
twist their leaf -stalks 
until they bring their 
blades at right angles to 
the direction from which 
the largest amount of 
light can reach them. 
We rarely notice the ex- 
cellence of this arrange- 
ment, for we commonly 
see trees and shrubs 
from the side, while the 
Sim looks at them from 
above. But so soon as 
we take the sim's view point, we realize how beauti- 
fully leaves arrange themselves, and this arrangement 
is quite possible of easy readjustment. If a twig be 
broken out of the mass, it is astonishing how soon 
the opening is utilized. Leaves take advantage of the 
opportunity, crane their necks imtil their broad faces 
catch the new flood of Ught, while others, farther in, 
that would imder the old circumstances hardly have 
grown to any size, now put out full vigor, and they, 
too, set their faces steadfastly to the sim. 
238. In many other plants a somewhat different 
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plan is followed. Instead of two, but one leaf springs 
from any one level. A line drawn through the suc- 
Spind^t cessive leaves would trace a marked spiral on 
'^^•■- the stem; each leaf has a definite angle of 
deviation from the one below it. Sometimes the second 

leaf is half way around 
the stem from the first 
but on a higher level, 
then the third leaf comes 
over the first, the fourth 
over the second. This 
is the common arrange- 
ment on com, wheat, 
and indeed on all the 
grasses. In the sedges, 
each leaf is one-third of 
the way around the stem 
'from the one below it, 
bringing the fourth leaf 
over the first. In very 
many trees, the apple 
for instance, the sixth 
leaf is over the first, 
the spiral having gone twice around the stem meanwhile, 
and each leaf being two-fifths of the way around the stem 
from the preceding one. The order and regularity of 
this arrangement is not more astonishing than the ease 
with which the plant adapts it to the immediate situ- 
ation, by twisting and bending itself, by suppressing 
some of the leaves and strengthening others, and by 
bending leaf-stalks. All this is apparently for the sole 
purpose of putting the leaves at right angles to the 
direction of the sim's rays, that they may do their share 
of tlds wonderful work of absorbing power. 
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The Birch, Cardinal and Fern Love a Moist and Shady Nook 
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239. Not only is the arrangement of the leaves on 
the stem adapted to catching the smi's rays^ but the 
very structure of the leaf itself is plainly arranged for 
the same important piurpose. Should the TheFUt- 
circumstances require it, a slender leaf-stalk *«n«*i^^- 
holds the flattened blade out into the light. Such a 
leaf-stalk must evidently be provided with different 
fibres and with tubes to carry both crude and rich sap 
between the leaf and the stem. The stalk is continued 
iisually as the midrib of the leaf, which branches 
into smaller and smaller bundles until it finally 
becomes a minute network. Between the meshes of 
this network the living tissue of the leaf is spread 
in a layer usually not more than one one-himdredth 
of an inch in thickness, and often much lesa. Over 
all of this is a thin skin, on upper and lower sur- 
face, called the epidermis. In the lower epidermis are 
many mouths, each guarded by two lips, which open 
or close, depending on the condition of the air outside. 
When the atmosphere is very dry and evaporation 
from the leaf would be rapid, producing wilting, the 
mouths close very tightly. But when the atmosphere is 
damp, the lips curl back and allow the circulation of 
air into and out of the mouth to go on imchecked. 

240. On leaves thus spread the sun shines day by 
day, and the power hidden in the sun's rays is locked 
up in the leaf, chiefly in starch-and-sugar compounds. 
This starch is built up in the leaf from crude 
materials brought up from the root and taken i^ stored 
in from the air. \^th this starch is tied up the p^^ 
energy of the sun's rays that fell on the leaf, 

much as power is locked up in gunpowder. All day 
long the starch accumulates, so that by nightfall the 
leaf is quite loaded with it. During the night the starch 
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is changed to sugar and carried down the leaf-stalk 
and throughout the stem, furnishing new material for 
growing parts, or being changed back to starch and 
stored away in the crevices of the stem or the root 
where there is no immediate necessity for it. 

241. The three parts of the plant thus far described, — 
that is, the root, the stem, and the leaf, — are in reality 
the only parts a plant possesses. All other apparent 
portions are really modifications of one or 
other of these, and no small interest lies in 
determining what part any one example may 
really be. A potato, though imder groimd, is a stem, 
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for it has buds, the so-called eyes, at definite intervals. 
The underground fleshy portion of calamus is a stem, 
being markedly jointed, and the roots being compara- 
tively slender offshoots of this stem. In an onion the 
roots are the slender fibres; the stem is a short flattened 
portion at the base of the bulb itself, while the coats are 
the altered leaves, rendered fleshy through serving as an 
imderground storehouse. 

242. Thorns, though of course without consciousness 
on the part of the plant, have arisen under natural 
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selection as defences. Drought, especially; has a double 
effect; it tends to produce wiry and hard Thonwaa 
plants, and it makes animals more eager to i^eaow- 
eat those that remain edible. In this way certain 
plants have, generation by generation, become very 
tough and briery, and have eventually made those 
thorns what we see them. It is particularly interesting 
to notice that so long as a thorn-bush is closely cropped 
by sheep or cattle, it tends to become not only dense but 
very thorny. But keep cattle from the pasture until 
the thorn-bush has grown out of their reach, and the 
upper part of the plant grows more open and has far 
fewer thorns. 

243. A still more effective defence on the part of 
plants lies in the formation of poisons. Probably they 
were originally simply waste matters; but such plants 
as developed offensive or noxious wastes Defensive 
gained in the struggle xmtil whole families p««»»- 
now sometimes share more or less in the possession of 
such a characteristic. The pungent flavor of the mus- 
tards, the aromatic odor of the mint, the rank char- 
acter of the onions and garlics, are the milder be^n- 
nings of the habit that ends in the production of 
morphine, strychnine, and cocaine. 



XVI 

REPRODUaNG THE PLANT. 

244. The most interesting of all the modifications 
of the plant parts is seen in the flowers. Here we have 
a short branch, its leaves crowded closely together 

and greatly modified imtil they subserve an 
Flower an entirely new purpose. That the flower parts 
bimS. ^^ modified leaves is easily seen from the 

frequency with which many of them revert 
again. The sections of the outer, greener circle, the 
calyx, are often leaf-Uke in roses, in catus flowers or in 
water-lilies, while in the last two the transition between 
calyx and corolla is so gradual as to make the Une of 
distinction imperceptible. In double carnations the 
stamens constantly grade off into petals, with a dozen 
intermediate steps, all in the same flower. In roses, 
peaches, and pears, finally it is no imcommon matter to 
find the pistils reverting into leaves. 

245. In order to make the explanation of the flowers 
more clear and definite, I shall describe the comnion 
The Nas- garden nasturtium. This is so well known, so 
turtium. easily obtained through so much of the year, 
so large in its parts and so clear in its meaning, that it 
will serve quite as well as any flower we could select. 

246. Let us be^n with the bud, which nestles on its 
short stem, a green thing hidden amongst green leaves. 
Here nothing is seen of the flower but the outermost 
The Nest- circle of leaves, changed, to suit this purpose, 
ling Bud. jjj^Q whsit is called a cal3rx, the individual 
leaves being known as sepals. Within this, as yet 
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enfolded in their calyx, are the rest of the flower parts, 
still minute and often folded and crumpled. In this 
stage the young tender bud would be delicious eating 
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to many an insect, and hence must be protected in 
every possible way. In the nasturtium this is secured 
by its nestling habit, its green color, and quite probably 
by its pungent taste, which, while it is only slightly 
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biting to us, would {vobably be far different to an 
insect to whom a sin^e leaf of the nasturtium is food 
enough for several days. 

247. In the rose the toughness of the sepals is their 

best means of defence; in the laurel, it is their sticki- 

ness. That this early protection of the bud 

is at least one important if not the chief 



^^ use of this circle of leaves, is shown by the 
fact that certain flowers, blood-roots for instance and 
their relatives the poppies, drop their sepals almost as 
soon as they open. 

248. But it is the next whorl of leaves that is the 
conspicuous one. When all is ready, the calyx turns 
back and discloses the next circle of transformed leaves, 
^^ the corolla, each individual leaf bdng known 
Attnctmc as a petal. It is to the infinite variety, in 

shape, in color, in markings, and in develop- 
ment, of the various leaves of this circle that flowers 
owe their consummate beauty. In the nasturtium the 
various colors are the result of variation and of selec- 
tion imder cultivation, but after all they are just varia- 
tions on the orange yellows with redder color-patches 
and lines that mark the flowers of the plant in its native 
home along the damp gullies of the Andes. These 
markings at first sight might appeal simply as addi- 
tional ornamentation. But they are very definitely 
located and are very suggestive. 

249. The general yellow coloration of the flower 
,j^ serves to catch the eye of the passing bum- 
Quiding ble-bec or butterfly and lures it to thq spot. 

When the insect reaches the immediate ndgh- 
borhood of the flower, the color-patches on the three 
lower petals indicate to it just where it is to alight. 
The flower may be turned more or less to one side or 
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the other, so that any one of the three lower petals may 
stand in proper position to serve as a landing stage. 
No sooner does he reach the place than a fringe near 
the base of each petal confronts him and tells him to 
go no further. Meanwhile, opposite his eyes, on the 
two upper petals and on the calyx, a series of distinct 
lines point the way directly toward the opening into 
the long spur at the back of the calyx. Here Ues the 
nectar, wluch the bee wants and which the flower has 
prepared for its express benefit. Accordingly he slants 
forward his tongue, which has been lying back beneath 
him against his breast (for insects do not draw in their 
tongues) and guided by these lines he rims his tongue 
down the tube. Unless he happens to be short of 
tongue or the flower is too long of tube, he reaches the 
precious fluid and draws it up into his crop. I said the 
flower had put it there for the bee. This is not because 
the flower is impelled by benevolent feelings, but be- 
cause it is good for the flower that the bee should visit it. 
250. To this part of the story we will return later; 
meanwhile, a glance at a few of the other flowers will 
help us to imderstand more of the infinitely varied plans 
for securing the same end. Scarcely a child ^ 

but has plucked the flowers of the familiar Honey 
woodbine or honeysuckle vine, and slipped its 
tubular corolla over its slender pistil until the nectar 
appeared at the back, and then has delightedly sipped 
the little drop of sweet fluid. These flowers, with long 
and slender throats, are adapted only to the visits of 
such creatures as have tongues equally attentuated. 
These are chiefly butterflies and certain of the bumble- 
bees, together with the most beautiful and daintiest 
of them all, the humming-bird. The sages and the 
morning-glories, the thistle and the red and crimson 
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clovers, are of this sort. A peculiarity of shape such as 
this keeps away most insects, thar tongues preventing 
them from feeding, here as effectually as did the size of 
head in .^sop's fox prevent him from dining with the 
stork from a long-necked vase. 

251. This trick of forming a long and slender corolla 
tube finds perhaps its finest exemplification, in our 

neighborhood, in the moonfiower. This beau- 
flower aad tiful member of the morning-glory family has 
55^^ a throat about six inches long and so narrow 

that it is out of the question for insects to 
creep down its great length. Besides, it blooms at 
night, when most honey-loving creatures are fast 
asleep. 

252. But probably no bright-colored flower in its 
native home is without some provision for nectar-loving 
viators. Such flowers as the moonfiower, the petunia. 
The Long- ^^^ *'^® "jimpson" Weed have brought about 
tongued a strange transformation in the branch of 

*^ "™° the butterfly group known as the hawk- 
moths. Instead of flying by daylight, as do the true 
butterflies, they fly in the twilight and on into the 
night. Their wings are long and slender and move 
rapidly, as do those of the humming-bird. This gives 
them the power to poise in the air. Added to this is a 
remarkable length of tongue. Few even of this group 
can reach to the bottom of the moonflower, which must 
depend for its pollination chiefly on the visits of the 
five-spotted hawk-moth. This is the adult form of the 
"green worm," the larva with a horn on its tail, 
that infests the growing potato, tomato and tobacco 
plants. Its muscular tapering body gives it great 
powers of rapid flight, and the ability to poise, motion- 
less except for its wings, which quiver so rapidly that 
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they are nearly invisible. As evening comes on; the 
moonflower untwists its pointed buds with a rapidity 
of movement so unusual in a plant as always to strike 
the beholder with delight and often with awe. With 
the unfurling of this guiding signal, intended to catch 
the eye of a roving hawk-moth, the flower emits a 
prevading sweet odor which is attractive to a sense 
which in most insects is 
more sensitive than sight, 
the sense of smell. Lured 
by this double stimulus, 
the creature approaches 
on rapid wing, hovers 
lightly before the flower, 
tmroUs a tongue six inches 
long, and deftly inserting 
it into the central opening 
of the flower, probes its 
slender depths for its 
reward of luscious nectar. 
253. But this corolla 
of the flower, beautiful as it is, and forming as it 
does, the main attraction to our eyes, is entirely 
secondary in its importance to the flower. For 
a long time after the introduction of the .^^ 

seed-bearing habit into the plant, wild flow- NeoeaBary 
ers had no alluring corollas, and many of 
them are still without that attractive addition, as wit- 
ness the cones of oiu: pines and spruces and the spike in 
the grains. Entirely inside the attractive rows of leaves 
are two other circles, transformed so long since, for so 
definite a work, that they have lost all external resem- 
blance to the leaves in which they originated. These 
two rows, the stamens and the pistils, are the only 
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members absolutely necessary to the seed-producing 
f\mction of the plant. 

254. The stamens form the first circle of these indis- 
pensible members, lying between the corolla and the 
pistils. Each stamen has usually a slender stem, tech- 
nically known as the filament, and ends in a 

and head, usually of two oblong compartments and 

known as the anther. In this anther is pro- 
duced a great abundance of pollen. This is made up of 
separate grains, usually not more than a thousandth 
of an inch in diameter and commonly of a powdery 
consistency. In each one of these grains lies the pos- 
sibility of half the responsibility for a seed. The other 
half of that responsibility lies in an ovule, in the base 
of a pistil of some flower of the same species of plant as 
that which bears the pollen. This is most commonly 
not in the same flower, very often, and perhaps best, 
not on the same plant. The pistils are the central organs 
of the flower, sharing with the stamens the great func- 
tion of producing seed capable of growing into a new 
plant, whose great merit, or perhaps sometimes defect, 
is that it bears qualities derived from both parents. 

255. In the pistil it is usually easy to make out a 
swollen base, the ovary, with a hollow chamber inside 
of it. This chamber is quite well filled with what seem 

to be small seeds attached to the wall of the 
of the chamber, usually along a projecting ridge. 
^^^ These apparent seeds are really ovules, which 
under proper cooperation on the part of pollen grains, 
have the power to become seeds. From the tip of the 
ovary projects commonly a slender stem, the style 
ending in an enlarged head, the stigma, which at one 
stage of the blossoming becomes sticky with an exuded 
fluid. It is the work of the stem to hold this sticky head 



REPRODUaNG THE PLANT 



225 



in such a position that by some means or other (the 
method varying with different flowers) there may 
lodge upon it a grain of the stimulating pollen. 

256. If now we will follow our familiar nasturtium 
through its blossoming period, the meaning of this 
compKcated arrangement grows clear. While the buds 
are getting ready for the great day, they 
nestle closely amongst the leaves, green in 
color to be less conspicuous, and sharp in 
taste to discourage browsing animals. But 
when all is ready within the blossom, the stem lengthens, 
thrusting the flower up through its shelter of leaves. 



The Nas- 
turtium 
and the 
Bee. 




Fio. 38 — ^Ths Hawk-moth and thb MooN-niOwn 

Then the calyx bursts open and the orange-colored 
petals imfold. The roving bumble-bee, attracted by 
the brilliant color, sits down on the crimson stain on 
one of the lower petals. A bristUng fence warns him 

15 



226 THE STUDY OF NATURE 

not to enter the throat of the flower, but beyond it the 
dark lines of the upper petals furnish ample directions 
and bid him thrust his tongue into the hole toward 
which they point. This leads down into the long spur, 
and the slender tongue of the bee, probing its depths, 
draws up the nectar from the bottom of this slender 
vase. So far as the bee is concerned, this is the whole 
of the process, and away he goes to the next nastur- 
tium to get another precious drop of the same flavored 
nectar. For his crop will carry back to the hive the 
nectar of twenty blossoms, and his palate is averse to 
the mingling of flavors that would come of mixing the 
secretions of different kinds of flowers. But from the 
standpoint of the flowers, much is still to be done. 
As the bee leans over the fence, the upcurving stamens 
dust the fur on the under side of his throat with yellow 
pollen. In this flower, and perhaps the next, the pistil 
is not yet ripe and sticky, but before he has gone far 
he comes to a nasturtium whose pistil has split into 
three prongs and these are covered with a tenacious 
fluid. Pressing xmder the chin of the bee, it picks from 
the fur the yellow dust and the flower now has its reward 
for the trouble it was at in furnishing the showy corolla 
and the alluring nectar. These now disappear, and 
with them the calyx and the stamens, for their share of 
the work is done. Not so with the pistil. The pollen 
grains attached to the sticky stigma be^n to sprout. 
Down the slender stem each tube-like thread insinuates 
itself, enters the chamber at the bottom and gropes 
about imtil it finds the opening into the heart of an 
ovule. Into this it grows, and then the nucleus of the 
pollen grain, with its power to impart the qualities of 
its parent plant, slips through and fuses with a similarly 
dowered nucleus in the centre of the ovule. These two 
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now develop and stimulate the ovary to grow into a 
fruit and the ovules into seeds. 

257. Why should nature go to so much trouble when 
portions of the root or of the stem of the plants would 
have served quite as surely to produce new plants? 
Man plants slips, and bulbs, and tubers and 

roots; sets grafts, and plants runners. Why p^nSi 
does not nature rely more frequently on such **^^^^ 
methods? The answer lies in the fact that 
nature ever wants some new thing, stronger and better 
than she had before. By growing her plants chiefly 
from seeds, she secures a double parentage for each 
plant, and in these new combinations of ancestral traits 
lie the potentialities of all manner of improvement. 
Of course, possibilities of the new forms being weaker 
instead of stronger are just as abundant. But nature 
never troubles herself on that score. The trials of life 
are severe enough to cut off all the weak and pimy 
plants, while these same difficulties only serve to in- 
crease the advantage of those plants which are more 
than commonly hardy. 

258. The relation just described between insects and 
flowers is one of the most interesting subjects which 
comes into the scope of nature study. A i^g^^ 
short examination of a few common flowers and 
will help the learner to look into the face ^^^'•^ 
of any of our flowers and read the story written 
there. 

259. One of the most successful of the wayside 
weeds is the yellow ''butter and eggs" or toadflax. 
This belongs to a group of flowers often "Butter 
called snap-dragons because their petals are "^<*Emb." 
so arranged as to look like a closed mouth, which 
a little pressure on the side serves to open. Such 
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devices serve to keep out marauding insects, par- 
ticularly ants, while offering no difficulty to the legiti- 
mate visitor. 

260. Ants are particularly disadvantageous to flowers. 
They are fond of sweet fluids and so would steal the 
nectar, but they fail for a double 
reason to carry the pollen. In the 
Flowers ^®^ placc, they are so small 
WaidOflf that often in going to the 
nectar they would creep 
under the stamens and never come 
into contact with the pollen-bearing 
anthers. In the next place, they 
have smooth coats to which the 
pollen is imlikely to adhere and from 
which it would most likely be brushed 
in their long and tedious journeys 
from flower to flower. 

261. In the case of the toadflax, 
the lemon-yellow spike of flowers 
' attracts the eye of the roving bumble- 
Fio.31^Th.Toad,xax j^^ ^ j^^ approaches, and the 

orange patch on the swollen lower lip tells him where 
to alight. No sooner, however, does he throw his weight 
FertiUnng upon the portion of the corolla than the flower 
Toadflax, opens wide its mouth. Just before him, on the 
lower lip, is a double line of bristling hairs with a 
smooth groove between them. Into this depression he 
puts the tip of his tongue and forcing it forward it 
enters the spur containing the nectar. At the same 
time the crossed anthers, lying in a hollow of the upper 
lip, have dusted his head with the pollen which it is 
his duty to carry to the next toadflax flower. No 
sooner does the bee take his burdensome body from 
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the lip of the flower than the mouth closes and prevents 
less bulky visitors from intruding. 

262. The flowers of the mountain laurel have an 
angularity quite uncommon for objects so graceful. 
The reason is that each of the ten stamens is bent like 
a spring, and its head is inserted in a little j^ 

pocket in the corolla of the flower. When the Snapping 
visiting insect probes amongst the bottoms 
of the stamens for the nectar secreted there, he dis- 
turbs the Stamens and one after another they shoot out 




Fig. 40— Thb Laubel's Pollen Spbino 

of the pockets with a sharp flip and throw the pollen 
upon the body of the visitor. 

263. More complicated than any of these is the mech- 
anism used by our commonest blue violet. The bumble- 
bee, once more, is the visitor to this flower. The blue 
color of the corolla is again the attraction from afar. 
On near approach a yellow spot, emphasized by white 
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and blue lines in the centre of the flower, shows the 
point of insertion for the tongue of the bee, which, 
by the way, bends over the flower from above the 
opening. The five stamens touch each other 
Violet's in such a way as to make a box aroimd the 
^^' style of the pstil; and when they split and 
discharge their pollen it remains in the box. Each 
of the two lower stamens has a projcicting lug and 
these are so curved as to leave a 
small opening between them. This 
hole is so placed that the bee's 
tongue, pushed into the centre of 
the flower, enters this opening be- 
tween the stamens and pries them 
apart in its onward course to the 
nectar which lies just beyond. Push- 
ing apart these stamens means open- 
Fio. 41— Thx VioLR ing a slit in the bottom of the box 
PollbhHoffkb ^j pollen, and the fertilizing dust 
drops under the chin of the bee. He carries it to 
the next flower, whose curved stigma is appropriately 

placed to pick off 
the pollen as the bee 
turns himself upside 
down to get the new 
portion of nectar. 

264. There is an 
interesting form of 
g economy which many 

flowers practise. The 
corolla, useful as it 
is, is useful only for a few days at the most, and is then 
thrown aade. Accordingly, many plants have come to 
gather thar flowers into clusters. In this way each flower 
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only needs a small corolla and they help each other. 
This tendency is carried to the extreme in the daisy 
family. Here many flowers gather together ^^ ^ 
into one composite flower. This is the plan in« 

used by the daisy, the dandelion, the thistle, **'^*"* 
the golden-rod, and many other common plants. 

265. We have seen how the various parts of the 
flower cooperate and have for their clear purpose the 
production of seeds. A flower that produces no seeds 
withers soon after blossoming and falls to the ^^^ 
earth. If, on the contrary, the flower has FoUow 
succeeded in becoming fertilized, certain parts, **^*"' 
whose work is now accomplished, fall away. The petals, 
which are the conspicuous parts of the flower, drop off; 
usually the stamens also curl up and wither; sometimes 
the calyrx drops. But at least the ovary and often 
other parts of the plant attached to the ovary remain, 
when the rest of the flower has been cast aside. Here, 
hidden securely, are the seeds, and this mature ovary, 
with any part that remains attached to it, is known as 
the fruit. The word "fruit" has a somewhat different 
meaning in science from that which popularly attaches 
to it. In the ordinary understanding of the word, 
fruit must be good to eat, there must be pulp about the 
seeds. To the scientist any case, whether pulpy or dry, 
that holds the seeds, is a fruit. In this matter the 
nature student may well side with the scientist. It is 
very commonly the case that these fruits are dry, 
inconspicuous, and entirely uninteresting as articles of 
food. Practically nothing eats them except hard-billed 
birds, who take them for the seeds which are in them, 
and insects which burrow into the seeds. Other fruits 
are rich and pulpy, with brilUant color, enticing odor 
and luscious taste. But these are not more truly fruits 
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than the dry and unenticing ones. The great purpose 
of the fruit is the protection and perhaps the scattering 
of the seeds. 

266. The worst possible place for a seed to be planted 
is just beneath the plant which produced it. There can 
be no fertile ground worse adapted to its growth than 
WhyRo- ground on which the same sort of plant has 
totionM grown before. For some reason or other, the 

***'**^' soil that has just grown wheat is not well 
adapted to the growing of more wheat. The farmer has 
known this fact and acted on his knowledge for years 
past. The reason for it he probably never asked him- 
self until within comparatively recent years. It was 
enough for him that experience had taught his ancestors 
and that they had told him that there must be what is 
known as a rotation of crops. Then came the explana- 
tion of this need for rotation. Man began to analyze 
the soil by chemical methods and to find that plants 
take certain materials from the groimd. They foimd 
that different plants take somewhat different materials 
from the soil; that the materials which wheat abstracts 
are not identical entirely, at least in proportion, with 
those taken by corn. From this we leaped, perhaps too 
hastily, to the conclusion that when wheat had grown 
in a certain field, the soil of that field was practically 
exhausted of the sort of material needed for the forma- 
tion of wheat. Hence wheat planted here the following 
year would starve for lack of suflSieient food, but com 
needing a different proportion of material might still 
find in the soil an abundance of food which was neces- 
sary for its purpose. 

267. This seems so entirely reasonable and such a 
natural 'deduction from what we had learned that until 
recently it was hardly questionable. But the last few 
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years have brought serious questions of the truth of 
these conclusions, and some of our botanists, particu- 
larly those connected with the Department of Agricul- 
ture at Washington, have been giving us a new ^j^^ 
explanation. They have analyzed the soil on PoUute 
which wheat has been grown, and they find 
that in many instances, if not in all, there still remains 
in the soil in soluble form all the materials necessary 
for the upbuilding of wheat. The failure of wheat to 
thrive upon this ground, so they tell us, is certainly 
not due to starvation. Their explanation is that whfeat, 
in its growth, sends out into the soil certain waste 
materials which load the soil and eventually make it 
poisonous to the sort of plant which threw out these 
wastes. Other plants are often, though not always, 
unaffected by the wastes of wheat, and therefore are 
well able to live in this soil, which in turn they load with 
their own wastes. So the third year another crop is 
planted, after which it may be quite possible that the 
wastes left by the wheat three years before have al- 
together disappeared and the soil is now adapted once 
more to growing wheat. Whatever may be the reason, 
there can be no doubt of the fact that a plant does not 
commonly thrive well where other plants of the same 
species have grown before. 

- 268. One of the very simplest methods for scattering 
seeds is that taken by the touch-me-nots. The common 
garden balsam or so-called lady-slipper is a touch-me-not ; 
while in summer-time creek-sides and often snapping 
even the gutters by the road-side have a wild Frmts. 
touch-me-not known as jewel weed. These bear flowers 
shaped like little yellow trumpets, hung up by their 
sides. When the flowers of this plant have disappeared 
there remain long slender pods, rather glassy looking 
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like the stem. When these are quite ripe, if one simply 
shakes the plant the ripe fruit suddenly splits and curls 
and snaps away the seeds bo that they fly for at least 
three or four feet in every direction. 

269. Those who visit the woods in November often 
come home with twigs of the strange yellow flowers of 
witch-hazel. On these same stems will doubtless be 
^^ found the fruits of the last year. On putting 

witch-iuuwi these twigs into a vase, one is often startled 
after several hours, and frequently in the 
midst of the night, to hear a crack and a rattle. 
On looking about to see what is the trouble, it is found 




Fia. 43 — ^Ths Snapping Witchhazel 

that the witch-hazel has split its fruits and thrown 
its seeds with much force to a distance of at least eight 
or ten feett 

270. A very much larger number of plants depend 
upon the wind for carrying their seeds. If one will but 
lay bare a patch of groimd and leave it uncultivated 
for a single summer, he will find that a considerable 
variety of plants will grow up here. On looking at the 
method by which these plants could have arrived 
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where they are, one is surprised to find how many of 
them have wind-carried seeds. Let fire sweep a clear- 
ing on the Pennsylvania mountains and it 
is very likely that the patch will soon be Gamed 
overgrown with white lettuce, while in 
northern New York, under similar circumstances, a 




Dandelion. 

Fia. 44 — Wind-blown Fbuitb 



beautiful patch of fireweed, doubtless so called from 
this habit, is more likely to spring up. 
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271. One of the most conspicuous cases of wind 
transportation of seeds we find in the case of the maple. 
Every one is familiar with the fruit of the maple, with 
The Maple its heavy head and its vane with a heavy 
^•^- rib on one side. It is this heavy rib which 
is the saving of this fruit. If it were not for this, 
with its heavy head and symmetrical vane about it, 
the maple seeds would be veritable arrows and would 
shoot out of the tree directly to the ground beneath. 
But unevenly weighted as these arrows are, with their 
heavy rib on one side, thdr whole manner of flight is 
altered. The wind shakes the fruit loose from the tree 
and the imevenness of the vane makes it twirl. The 
result is that it is slow instead of rapid in reaching 
the ground, and consequently the same wind which 
shook it loose has abundant opportimity to carry it 
some distance away from the parent stem before it 
strikes the ground. 

272. Perhaps there is no more beautiful illustration 
of wind-carried seeds than the fruits that go sailing away 
from the dandelion head. Every dandelion fruit, and 
.^^ there are himdreds of them on a single large 
wind-aown head of dandelion, consists of a case at the 

^' bottom with one seed in it and with little 
teeth projecting from its upper end. This end is con- 
tinued into a slender stem from the tip of which radiate 
light fluffy hairs. When the dandelion has blossomed 
and succeeded in fertilizing its ovules these remain 
closed up in its green head for a number of days until 
the fruits are thoroughly ripe. Then comes a day just 
warm enough and bright enough for the planting of 
dandelions. The green circle around the head turns 
back and the head itself swells up into a great white 
ball from which extend in all directions the beautiful 
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fluffy fruits. Now comes a fresh breeze and one of these 
little fruits, breaking loose from its hold on the stem, 
is carried away dancing and floating in the air and the 
sunlight. After a while it settles down slowly, as the 
wind grows less brisk, and the fruit begins to strike the 
ground. If it strikes a hard place it cannot catch hold, 
but when it happens to drop its heavy fruited end 
into some slender crevice in the earth, the Uttle teeth 
catch hold of the sides of the crevice and keep it from 
bring torn out. Indeed the prongs are so adjusted that 
every time the hairy top waves the seed is forced deeper 
and deeper into the crack where it thus finds suitable 
lod^ng. 

273. One of these wind-blown seeds has come to be 
highly prized by man on account of the use which he 
has learned to make of it. The cotton plant of the 
South has a flower which looks much like the The Down 
hollyhock. When this has blossomed and «'^**«>'»- 
ripened its fruit, this fruit takes the shape of a round 
capsule which is full of seeds, each seed being wrapped 
in a great mass of white hair which is what we have 
come to know as cotton. This fluffy mass of hair is 
intended by nature to carry the seed into a new position 
and there allow it to grow. We have found it to our 
advantage to comb the hair off the seeds and spin it 
up into thread and weave it into cotton cloth. While 
of course it is perfectly proper that we should do so, 
it is rather an egotistical point of view which believes 
that this is what the cotton is intended for. 

274. If one wishes to see what a host of plants scatter 
their seeds by means of the wind, he need only go 
some pleasant afternoon in late September to the edges 
of a moist thicket where the bank spider has spun its 
splendid orb-web^ and see what a multitude of seeds 
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have been caught by a single web as they wafted 
through the air. Or let him lie beneath the shade of 

some clump of trees where he can look 
fo^m^ through an open place into the blue sky. 
^^ He will be greatly surprised to notice how 

the September air is loaded with these 
dainty craft. 

275. One of the very effective methods which some 
plants have learned to use, is that of attaching them- 
j^^^^ selves to passing animals and thus being 
ouTied carried. These seeds are almost always dull 

and unobtrusive in color; the animal never 
notices them until he has run up against them, and 
when he has done this he leaves the plant, carrying 
with him the seeds. Any one who owns a setter 
dog has more than once, after a long day's tramp in 
the fall, combed from his dog's long ears and from the 
abundant hair of his legs and tail a great mass of these 
clinging fruits. 

276. Almost every country child has made from the 
burrs of the burdock, while they are green, models of 
one sort and another, commonly birds or baskets. 

These burrs need only be pressed against each 
Burdock's Other to hold on tightly. This is because every 
^ * point which surrounds the mass ends in a little 
hook. These hooks are turned inwards while the burr is 
still green and do not affect the passerby. When the 
plant is fully matured and the burrs are ripe, each point 
curls back and sets out its hooks in such fashion that 
one need only push against it to have it stick itself 
firmly to his clothing, especially if that clothing be made 
of wool. The cow is one of the best contrivances imag- 
inable for planting burdocks. She passes a burdock 
plant swinging her long hairy tail and it strikes a bunch 
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of the hook-covered balls. Every one of these brown 
fruits clings to the curled hair of her tail and she passes 
away burdened with them. All day long she swings her 
tail, perhaps all the more vigorously because of the 
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additional weight of the burrs, and as she does so grad- 
ually the burrs break apart, seed after seed is thrown 
to every side, and by nightfall most of the burdocks 
have been planted. 
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277. Perhaps the best known of these clinpng seeds 
is the one known as Spanish needles and beggar ticks. 
This plant bears a flower that looks like a little small 
The Beggar and iU-developed Black-«yed-Susan. When 
'^*^- the flower has bloomed and the fruit is formed, 
the whole head becomes brown and inconspicuous, and 
we in our walks push into it without noticing what we 
are doing, but we quickly pay for our negligence. Each 
slender fruit in the clxister is tipped with two or more 
points, and these points have small barbs. They readily 
enter into our clothing but the barbs prevent their 
withdrawal. We walk away, perhaps for a long time 
unconscious of the fact that we are engaged in sowing 
beggar ticks. In walking through an old pasture, it 
is not uncommon to find a string of beggar ticks growing 
on either side of any pathway that may run through the 
field. It would seem that the plant with diabolical 
intelligence had placed itself where man would be sure 
to nm against it. Of course exactly the reverse is 
true. Men have walked that way for years and, year 
by year, have carried on their clothes the fruits of 
this plant, scattering them well on either side of the 
pathway. 

278. There is often an interesting sequel. The path 
comes to a fence on which the person seats himself. 
While resting here on the topmost rail, the fact that his 
Planting clothing is coverod with these annoying fruits 
Beggar bocomcs evident and he cleans them off. No 

sooner has he done so than he jumps down 
into another patch which a predecessor has planted 
under exactly similar circumstances the year before. 
Meanwhile, he himself has planted a patch to annoy 
the unoffending wa3^arer who will cross the fence at 
the same point next year. 
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279. But the fruits that endear themselves to our 
hearts are the pulpy fruits. These seem to us as if they 
were made just for our purpose, and I think here we 
may safely agree that such is really the case. Puipy 
Of course they were not created exclusively Fruit«. 
for us, but for all other frmt-eating animals as well. 
This may seem like surrendering our philosophy, but 
it is not so. If this pulp is intended for us to eat, we may 
be sure that it is to the advantage of the plant that 
we should eat it. The man comes along and passes an 
apple tree; the season for apples has not yet arrived. 




Fia. 46^Th« Tbhptino Afplb 

There is abundant fruit upon the tree, but as yet it is 
not ready for distribution, that is to say, the seeds 
within it are not yet ripe. Accordingly the plant does 
not wish its fruit to be seen and keeps it the color of 
the leaves amongst which it nestles. So uniformly 
is this the case that when we speak of green fruit quite 
unconsciously, we do not refer to its color for we call 
imripe fruit green no matter what its color. With 
unconscious contradiction we speak of a blackberry as 
green when in reality it is red. But after a while the 
seeds are ripe, and now the plant wishes to have them 
scattered. Each apple begins to grow redder in color. 
Red streaks and mottlings mantle its surface. More 

10 
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and more they spread until finally the apple is well 
covered with red. 

280. Should man attempt to gather the fruit before 
the plant intends him to, on setting his teeth into its 
hard pulp he finds it not only sour to the taste but very 
SourTMte i^dig68*^it>le. But when the plant is ready to 
of Giwn have him eat it, the sourness has disappeared 

from the pulp and it has softened up and be- 
come toothsome. Now it is not only pleasant to the 
taste but nutritious and enjoyable. So he plucks the 
apple from the tree and goes on his way rejoicing. But 
when he has eaten well into the apple, it begins to 
remonstrate. His teeth find themselves in contact 
with the core. He turns to another side of the apple 
and feasts there and keeps on turning until he has 
eaten the pulp from every aide down to the core. 
Now he throws it away, far from the place at which he 
picked it up. The plant has succeeded in gaining just 
what it wanted. Its fruit has tempted an animal to 
carry the seeds to a distant situation and has well paid 
him for so doing. 

281. There is a whole host of fleshy fruits which 
serve for the special delight of the birds, which render 
more eflSciently than do mammals this service to the 
Smau plant which feeds them. A cherry tree has 
Fruiteara socds ready for distribution. Each seed is 

covered with a coat of pulp, attractive to the 
eye and pleasant to the taste. The robin comes along, 
picks up the cherry, flies to the nest, bites out the stone, 
and feeds the pulp to its older nestlings, scattering the 
seed on the ground beneath the nest. 

282. A cherry seed is too large to be swallowed by 
a bird, but there are many fruits in which the plan is 
somewhat different. Such are the raspberry, the straw- 
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berry, and the blackberry. Here the seeds are very 
abundant and very minute but each of them is so 
small and so hard that it fails of being groimd in the 
gizzard of the bird. The seed is accordingly sird^wn 
soon discharged, undigested, by the bird, and ^••^• 
dropped in situations sometimes many miles away 
from the spot in which the bird found the 
fruit. 

283. I have recently noticed a very interesting case 
of bird distribution of seeds. From the car window I 
often see a large field in which there are two trees. 
One of these is a jimiper tree, the other an Biid-«own 
oak. The juniper bears small bluish- white J"^»p^- 
and very aromatic fruits, and of these several species 
of our birds are very fond. Many of these birds rest, 
if they do not nest, in the adjacent oak tree. I do not 
doubt that many juniper seeds are dropped by the 
birds, both underneath the juniper tree and imdemeath 
the oak. But because of the principles of rotation of 
crops (mentioned in sections 266 and 267), those imder 
the oak tree flourish, while those under the juniper do 
not. The consequence is that beneath the oak tree 
there is a fine crop of young junipers. 

284. But if the pulpy fruits were intended for animals 
to eat, the nuts, which are far more valuable as food, 
distinctly attempt to avert this calamity. The diflfer- 
ence between the two cases is very plain, ^heWeU- 
indeed. In the fleshy fruits, the seeds lie in stored 
the heart of the fruit. Sometimes the seeds 

are so small as to offer little temptation. If they are 
large enough to be attractive, they are commonly pro- 
tected in some way. The peach, for instance, doubly 
protects the seed. It has around the seed a very hard 
shell; but, as if this were not enough, it adds to the 
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seed a bitter taste. Indeed this flavoring matter is 
more than bitter; if taken in anything like large quan- 
tities it is distinctly poisonous. But in the nuts the 
meat is the seed; for man or the animals to eat the 
nut is to destroy the seed. Accordingly these fruits 
use every device to prevent themselves from being 
eaten. 




Fig. 47 — ^Thu Pbotected Chestnut 



285. In the case of the chestnut^ a covering of sharp 
prickles invests the fruit on every side. When the fall 
comes these protected fruits, which tried to escape 
The Protect- observation by being green amongst green 
ing Burr, leavos, now turn brown as the leaves lose thdr 
color. When the ground has lost its verdure, when the 
grass is brown and covered with the falling leaves of 
the tree, the burrs of the chestnut crack open and the 
brown fruits fall and roll into the crannies of the brown 
earth, thus escaping as well as may be the eyes of their 
enemies. 

286. The walnut tries a different plan. While it is 
still immature it keeps itself covered with a hull so 
intensely bitter to the taste as to deter animals from 
eating and even to deter insects from laying their 
eggs upon it. A chestnut is often "wormy," but 
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walnuts and hickory nuts rarely have this diflBculty. 
As the fruit matures, the coat around the seed grows 
harder and harder in the walnuts, and when 

The 

onoe the seed is ready and toothsome there Walnut's 
are very few animals that can get at it. 

287. Man with his fingers or teeth could do nothing. 
It is only because he has ingenuity enough to use tools 
that he is able to overcome the defence of this nut. 
Indeed, man with his brains is practically howMmi 
able to overcome almost all the defences of Opens 
both animals and plants. It is in his being 

able to substitute brains for the specialized organs of 
other animals that his great superiority lies. He, with 
his brains, can outrun the deer, surpass the cow in 
digestion and the horse in the strength of the blow he 
can deliver. 

288. There is one of the tropical nuts which has 
become so common an article of diet and is so well 
known that I think we may safely bring it within the 
range of our nature study, and that is the 
cocoanut. Those of us who only know the cocoanut's 
cocoanut as it comes into the market, do not ^JJ^ 
realize that this familiar round nut when it 

hangs upon the tree is covered with a dense coat of 
coarse interlaced fibres covered on the outside with a 
thick shell. This makes a fruit twice as large as the 
cocoanut as we know it, and makes of it a light rather 
than heavy nut. Cocoanuts grow upon palm trees, 
and in a palm all the leaves as well as the flowers and 
the fruit are at the top of the trunk. When the cocoa- 
nut is ripe a drop like this of thirty to fifty feet would 
crack the nut did it not have about it this fibrous husk. 
This breaks its fall and leaves the kernel unharmed. 
Furthermore, should this fruit roll down the banks of 
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a stream, it is light enough to float upon the water, 
thus it may be carried further down the stream to 
spring up there. Or it may go farther still; it may be 
carried to the ocean and wafted to some ndghboring 
coral reef, there to take root. It is one of the interesting 
conclusions of a recent botanical study, that the cocoa- 
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nut is native to the western coast of South America, 
though it has now nearly disappeared from this locality. 
But the waters of the Pacific equatorical current have 
carried this fruit across the ocean and spread it to island 
after island. The islands of the Pacific are now the 
most prolific home of the cocoanut, which as stated, 
has nearly disappeared from the home of its birth. 



XVII 

THE HEAVENS 

289. It has always been a matter of surprise to me 
that so few people seem to know anything about the 
heavenly bodies. They are so constantly present to 
our view, and are so beautiful, that one would 

think them likely to be objects of much interest. intmt 
In times past, when the stars were believed to gj^ 
shed an "influence" upon men's lives, and the 
moon's phases were supposed to affect man's crops and 
indeed many of the events of his career, it is not remark- 
able that much attention should have been paid to them. 
But it is a pity that with the passing of superstition 
there should also have passed all popular care for these 
interesting accompaniments of our daily lives. 

290. A few observations on the Sun and the Moon, 
our near neighbors, and an acquaintance ob«erv»- 
with a few of the more conspicuous constella- ****^^ 
tions, are easily within the reach of the pupils Made, 
of the elementary grades. 

291. The simplest point at which to begin observa- 
tion is to watch the shadows about the school building. 
The yoimger children will soon see that the patches of 
simlight on the floor creep steadily. By put- ^^tchina 
ting a tack where the shadow of a window-bar the Sun's 
strikes the floor, it will suriirise most people 

to see how rapidly the shadow moves. So soon as 
children know the points of the compass, they may be 
asked on what side of the tree at which they are looking 
the shadow lies, and notice how regularly and steadily 
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it changes its poation. When they have realized that 
the morning shadows lie west of the tree and that they 
always move around by the north at noon and on to- 
wards the east in the afternoon, a new sense of the 
extent to which law and order enter into the apparent 
caprioe of nature will have been impressed on their minds. 

292. Assign to half the pupils the privilege of noting 
the rising sun and to the other half asedgn the setting 
sun. Each pupil must choose a window in his own 
Reooidiiis homc, or a definite fence-comer or some clearly 
Sim Rise, j^arked spot in which he can stand each day 
and notice dther the eastern or the western horizon 
as the case may be. Now let him draw on paper the 
horizon line, marking with especial care the position of 
each tree and house and hill that cuts up into the sky. 
On the first day of the observation let him come to the 
spot before sunrise, which in winter at least will be no 
hardship. Then let him when the sun is half up make 
a spot on the horizon of his picture and number it one. 
lower down on the paper let him mark the date and the 
hour and the minute at which the sun is rising. A few 
days later (two or three will be quite enough), let him 
come once more and mark the place and time of rising 
as before; and let this be repeated a number of times, 
indeed as long as the interest can be made to last. 
At first the pupil will think the slight change is due to 
his inaccuracy, and this will make him particular in 
jotting down the point of rising or setting. A very few 
observations will show him the change is steady and all 
in one direction. If he continues it over December 
twenty-first or Jime twentieth, he will be delighted to 
see the sun turn back on its course and again seek the 
east point. 

293. While this series of individual observations is 
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in progress, another feature of the sun's movement 
may claim the attention of the entire class, if the school 
is in session at twelve o'clock, or if a group of _ ,. 

, ., - 1 n , 1 Recording 

the pupils are about the school grounds at theNoon- 
that time. At just twelve o'clock take a small ^^^^' 
piece of paper, say an inch square, and mark it plainly 
with the date. Put it exactly on the comer of the 
shadow of the northeast or the northwest comer of the 
building, or on the shadow of the end of the flag-pole, 
and push a good-sized nail firmly through the paper and 
up to its head in the ground. If the point is on a pave- 
ment mark it carefully with chalk. This observation 
may be repeated every few days for several weeks, 
when it will be noticed that the shadow grows distinctly 
shorter day by day from late December to late Jime, 
and distinctly longer through the other half of the year. 
If the experiment is carried through Jime twentieth or 
December twenty-first, once more the change in the 
direction of the motion will be noticed. Carried through 
the Jime point, these observations will make it easily 
seen that the sim, contrary to the general notion, is 
never overhead in this latitude. 

294. At this point it will be a pleasant piece of in- 
formation and observation, that one can always use a 
watch for a compass on a sunny day. For this purpose 
an open-faced watch serves best, though a ^^ 

watch with a lid can be used equally well at Watch a 
most hours of the day. At any time when the °''^**"' 
sun is shining hold the watch horizontally in your hand, 
letting the sim shine on the face. Now, keeping the 
face horizontal, revolve the watch \mtil the hour hand 
points in the directioii of the sun. This can be most 
accurately told by noticing when the shadow of the 
little, or hour, hand falls directly imder the hand and 
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not to either side. Just half way between the hour and 
the twelve of the face is the south point. After the 
observations on the sun, those on the moon will follow 
most naturally. These, of course, must consist of 
referred work to be done out of school hours. The 
simplest observation will consist in drawing the shape 
of the moon on every clear night for about two weeks, 
obwrvixic A little later will come the recording of the 
the Moon, position of the moon at sunset. It is in the 
west, near the sun, when it is young; about on the 
meridian, or north and south line of the heavens, when 
it is in first quarter. The full moon rises in the east 
about when the sun sets in the west. For the older 
pupils it will be an interesting and beautiful observa- 
tion to draw the moon and the three or four nearest 
stars on one evening and then to repeat the drawing 
the next evening. No other such rapid change of posi- 
tion amongst the stars will be noticed on the part of 
any heavenly body, excepting in the case of a meteor, 
or ''falb'ngstar." 

295. The moon is the only heavenly body near enough 
to have its surface show features distinguishable to the 
naked eye. If a field-glass or opera-glass can be used. 
The Round it will add greatly to the interest of the obser- 
Moon. vation. One chief advantage will be that the 
spherical shape of the moon is at once apparent, even 
when using but a small glass, while to the unaided eye 
of the imtaught observer both sim and moon look as 
fiat as if cut out of card-board. But even the naked eye, 
aided by the informed mind, can see the markings on 
the face of the moon. A study of the geography of the 
moon for a few nights will fix firmly the idea of the moon 
being a spherical body provided with mountains and 
plains and revolving in space. It is the one object 
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lesson to help pupils really conceive of the earth in any 
clear fashion. The early astronomers who named the 
markings on the moon called the ridges moimtains, and 
in this later observations prove them to be right. But 
the flat smooth patches they called seas, and in this they 
certainly were wrong. We now know there is no stand- 
ing water on the moon, and possibly no water of any 
tind. But the old name of seas is so firmly fixed that 
these patches will possibly always be called seas. 

296. For the purpose of fixing these features on the 
children's minds it will be not inadvisable to carry out 
the old idea of the man in the moon. When the moon 
is full, its entire surface may be taken to TheMan 
represent the face of a man, turned so as to in the 
bring his left cheek to the front, his nose being 
turned somewhat to the right of the centre.* The nose 
is formed by the most prominent range of moimtains 
on the moon, known as the Apennines. The right eye 
is the Sea of Showers and 
the mouth is made of two 
seas, the right side the Sea 
of Storms and the left the 
Sea of Clouds. The left side 
of his face is not so gloomily 
named. The left eye is the 
Sea of Serenity, the left ear 
that of Tranquillity and Nec- 
tar combined, Tranquillity 
being above. Just back of fio. 49-Th. m^ m th. Moon 

and above the ear is the brighest patch on the moon. 
I do not know what natural feature to liken it to 
unless we consider the man in the moon to have a 
prominent bald spot at that point. It is known 
as the Sea of Crises. Two prominent volcanoes are 
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The 

Proper 

Spirit. 



apparent to the eye, and if we must adhere to the 
notion of natural features, these may be pimples, 
Copernicus on the tip of the nose and Tycho on the 
lower part of the left cheek, near the chin. 

297. At first sight it may seem absurd and even 
silly to carry this likeness out to such extremes, but if 

it is not too soberly done and is handled in 
proper spirit it will certainly help to fix the 
features in the children's minds, and they 
will look for these features with greater eagerness. 

298. A knowledge of the few most conspicuous con- 
stellations is quite within the reach of the pupil. The 
most important of these is the Dipper, always visible 
XhQ in the northern heavens, and marked by 
^^^^ seven prominent stars, four in the bowl and 
three in the handle. In February, the month as- 
signed to it in the program to be found later in this 

nu sur f work, this group of stars 

^•' is in the northeast and the 

/ handle hangs downward. 

The two stars in the end 
of the bowl are known as 
the pointers and show the 
direction of the Polar star, 
the point at which the north 
pole of the earth if con- 
tinued would pierce the 
heavens. The star next to 
the last in the handle of 
the Dipper has very close to it another very small 
star. The Arabs called the two ^'the horse and his 
rider," and considered it a test of good eyes to be 
able to see the rider. Either eyes are better now or 
the stars brighter, for it is certain that it does not 
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take a remarkably keen eye to distinguish the rider. 
The Dipper is made up of the brightest stars in 
a large constellation known as the Big Bear and lies 
in its hind quarter, the handle forming the tail, which 
is strangely long to belong to a bear. 

299. Just across the pole from the Dipper is a group 
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Fio. 51 — ^Thb Ladt of thb Chaib 

of five bright stars, form- 
ing a rather flattened let- 
ter W. This marks the* 
outline of the Lady of 
the Chair (Cassiopeia). 
In spring it lies low, while the Dipper is high. In 
fall evenings, Cassiopeia is high, while the Dipper is 
low. All the stars apparently revolve about 
the Polar star. 

300. On a bright night in February, well up in the 
southern sky, will be readily distinguished the most 
brilliant of all the constellations — Oion, the 
mighty hunter. One very bright star marks 
his right shoulder, another his left foot. Less bright 
but still fine stars mark his left shoulder and right 
foot. But the three stars in the belt are the most 
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conspicuous feature by which to recognize this beau- 
tiful star group. Orion is represented as holding up 
a lion's skin on his left arm, while in the upper right 
hand is a club. 

301. If his warlike attitude is to have any signifi- 
cance, it must be with reference to the neighboring 
group in the west, the Bull. In this group a bright 
star at the eastern tip of a letter V marks 
the fiery eye of the Bull while the rest of 
the letter marks the face generally; far past the ends 
of the y are two stars marking the tips of the horns. 



The Bull. 
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Fig. 64— Thb Doo 



FiQ. 53 — TuE Bull 

In the shoulder of the Bull is the beautiful star group 
known as the "Seven Sisters, " the Pleiades. There are 
only six, but the story goes that one of them fell in love 
with a mortal and consequently forfeited her high place. 
302. To the east of Orion is a magnificent star, the 
brighest fixed star in the heavens, Sirius, the Dog Star. 
The Dog is sitting down; Sirius is in his head, 
a triangle marks his haimches and two stars 
toward Orion indicate his hind feet. When the sun in 
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his course gets around to this constellation^ which he 
does in July, we are said to have "dog days." These 
are days when popular superstition says boys who go in 
swimming will be "plagued with boils." Of course 
if good fresh running water is used, there is no better 
time for swimming. But stagnant pools get very foul 
in summer and should be avoided. But the Dog Star 
has nothing to do with the event. This group of Orion, 
the Bull, and the Dog should be known to every pupil 
before his school days are over. They will often serve 
to lift his mind to higher things. 



SECTION in— THE COURSE 

XVIII 

A COURSE IN NATURE STUDY 

303. Most teachers who are beginning work in nature 
study will be at a loss to know what subjects had better 
.pj^ be treated. With a little experience each 
Sttbj6ot8 teacher, unless his work is definitely laid out 

by a superior officer, can decide on the sub- 
ject to present if he will consider carefully a few general 
principles. 

304. The first great principle is to use subjects the 
material for which is suffidently abundant to make 
^^ it possible for each child to gain first-hand 
Abundant information by actual observation. This may 

mean one horse, a dozen apples, or fifty flowers, 
but the principle is easy of application. 
Use 305. The next point of importance should be 

^^^ that the lesson should be really worth while. 
^^*^®- That is, that the information gained should be 
valuable for instruction, for training, or for culture, 
preferably for all three at once. 

306. The third consideration might well be that such 
subjects be chosen as fit in well with the other lessons 
of the week. It may be that this means the materials 
FitLeflsons *^® ^®^^ adapted to the work in drawing, 
toother Perhaps the reading lesson for the week can 

be made clearer and more vivid by the obser- 
vation of the nature material. The reading lesson 
might be about the forest, when the study of trees would 
^6 
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do much to make it vivid. The story of a sugar camp 
will be made far more interesting if the children can 
know that the sugar maple is a not imcommon shade 
tree in most towns, and that they may easily become 
acquainted with its billowy foliage. K China be the 
subject, a few tea leaves, first examined dry and then 
wetted and imroUed, will give a new interest to the 
familiar beverage. 

307. Should the geography lesson of that week dwell 
on the grazing districts of America, what more natural 
than to study the cow or the sheep, with their strange 
habits of eating? Should the delta regions Asaooiated 
be the topic, a few minutes' study of a rill Topics, 
will do more to make the subject clear than could half 
an hour of talk on the part of the teacher. The meadow, 
with its dark rich soil and its frequent floodings, will 
make clear the great plains of the globe, supporting 
their teeming populations. 

308. In treating subjects, no matter for what reason 
they have been selected, careful consideration of the 
degree of mental advancement of the children ^^^ . 
must decide what phases of the subject shall Suited to 
be considered. The same object of study may 

be used in the first grade and the fourth, but the aspect 
studied would differ almost entirely. 

309. In order to assist the inexperienced teacher, 
and to fill out the gaps in the work of the teacher who 
has practice enough to decide on most topics, I sub- 
join a series of subjects. While each subject u«eLi«t8 
is assigned to a grade and a definite portion with 
of the year, there is no such ri^d sequence as 

would materially alter the value of many of the sub- 
jects if they were used at other times. Where a teacher 
has but a single grade of pupils to work with and there 

17 
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is no course prescribed it will be quite posdble to make 
the course as suggested last for four years, adapting 
the teaching to the grade in question. If the grade be 
the first, or even the second, some of the topics will 
be too hard or uninteresting, no matter how treated, 
and may accordingly be omitted. All of which means 
that the skilled teacher may profitably take any fiber- 
ties with the course, which will be accepted in its entirety 
only by the be^nner. No matter what the subject, 
or what aspect of it is intended to be studied, if the 
pupil's fife touches this subject at any point, this point 
should by all means be included. In this connection the 
conscious attempt must always be made to foster a 
love for animals and kindness to them. But this kind- 
ness must always be the product of healthy sympathy 
and not of maudUn sentimentaUty. 

310. In the course for the first four years of school 
life which immediately follows, each subject is assigned 
to a particular season of the year. The points which 
seem to the author to best repay emphasis are suggested. 
In each case reference is made. by number to the para- 
graphs of this book in which that subject, or a parallel 
one, is treated. 

FIRST GRADE 

FALL TEBM 

311. The blackbird is a conspicuous bird and makes 
a good subject with which to waken the interest in 
these creatures. To stimulate close looking, ask the 
The the color of his eye. Notice his walking in- 
Biackbird. g^ead of hopping, and the pecuHar fold of his 
tail into the shape of a boat when making short fights. 
Can you tell what they eat? Do they always eat the 
same things? When do they bepn to gather into 
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flocks? Who will report the last blackbird of the season? 

312. The golden-rod is an abundant and beautiful 
plant and will not suffer from free picking. Its yellow 
color appeals to a wider circle of lovers, both human 
and animals, than any other color. The The 
helpfulness of the many small flowers in group- Q<*^«»-«>d- 
ing themselves into a cluster (§ 264) is especially to be 
noticed. How many kinds of insects can be found at 
one time on one cluster of these flowers? A warm simny 
day in early September will give the best answer to 
this question. 

313. At this time caterpillars (§113) are very abun- 
dant. These, especially the big green kinds, should be 
gathered and kept in cages (§ 68, 69), being fed daily 
with fresh tender leaves of the plant on which cater- 
they were found (§ 116). Each kind should p^**"' 
be kept in a separate box. Their han^ng up (§ 114) 
or spinning a cocoon (§ 116) should be carefully noticed. 
These resting forms can then be removed from the cage 
and hung up by means of pins in any safe place not 
too near the heating apparatus. Later in the year 
the development of these into adult butterflies and 
moths (§ 114) will excite much interest. 

314. When the grass is wet with dew notice that it 
did not rain. For some nights notice the weather and 
then notice the grass next day. During what sort of 
nights does dew form most abundantly? 

Does it form best imder trees or on the open 
lawn? Pin a newspaper down with nails on the open 
lawn. Does the dew form imder the paper? The paper 
is a blanket, and keeps the heat of the earth from 
escaping. So do heavy trees, and clouds. If this is 
used with a higher grade the formation of dew on the 
outside of a cold tumbler on a warm day will lead them 
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to see that the water comes out of the neighboring air 
and does not fall. 

315. The chestnut burr is a good early subject. 
Notice its green color when the leaves are green and 
its brown hue when leaves are brown (§ 285). The 
The cfaest- pricklcs that protect from enemies until frost, 
nut Burr, ^hc browu uuts fall on brown earth. What 
is the relation of the shape of the nuts to the number 
and position of the nuts in the burr? What makes the 
dull mark on the broad end of the chestnut? 

316. A pet cat, the younger the better, that will sub- 
mit to examination in the class, will serve better than 
if the observations were made outside of the class. Notice 

the padded feet, the claws that can be with- 

The Cbt 

drawn or protruded (§ 192), the whiskers 
that it hates to have handled (§ 195). Draw attention 
to its sleepiness because it is a nocturnal animal (§ 193), 
and its "tired air" of unsociability (§ 191) unless it is 
still a kitten. 

317. The approach of Christmas and the probability 
that the school-room will be decorated with evergreens, 
makes these a suitable topic with which to close the work 
The Ever- of the fall term. Their leaves are tough to 
•'^""- stand the cold. They are slender go snow will 
not cling too closely and break them down. They 
often cover the mountain-tops where winds are high, 
and so the needle shape of the leaves keeps the boughs 
from being broken or the leaves torn off as often as would 
be the case if the leaves were broad. On turning back 
the scale of the cones winged seeds will be found. Why 
winged? 

WINTEB TERM 

318. The lessons on dew will have opened the wajf 
to keeping a record of the weather. The new year 
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offers a good time to begin. For little children this 
process may well consist of a simple series of weather 
marks on a calendar. Take one of the larger ^^^^f^- 
calendars with a separate leaf for each month. On 
clear days, on which the sky is less than one-fourth 
overcast with clouds, leave the date unmarked. On 
fair days, on which the sky is more than one-fourth but 
less than two-thirds overcast, a series of parallel lines 
may be ruled across the upper half of the date. On 
cloudy days, when the sky is more than two-thirds 
overcast, the entire date may be covered with hori- 
zontal lines. Rain should be indicated by slanting ruled 
lines and snow by slanting rows of dots. Such a simple 
record as this is easy enough for children to keep and 
proves very interesting. 

319. The bird commonly called the snowbird is the 
jimco. Notice his dark slate coat. What is the color 
of his bill? What is its shape (§ 168)? What food 
does he eat? What would happen if he did The 
not eat this food? (He and his winter sparrow Saowbiid. 
friends keep down the weeds most wonderfully.) What 
is peculiar in the color of his tail? What purpose do 
these white feathers serve (§ 208) ? 

320. The apple is a fruit of especial interest. The 
color is green at first and later is bright. What is the 
advantage of each color? What is the use of the skin? 
What would happen if the skin were removed? 

What is the use to the apple of the pulp? 

Of the core? Of the seeds (§ 280)? A lesson on the 

varieties of apples is excellent if you can coax in an 

apple-grower who knows. How does the "worm" get 

into the apple (§ 128) ? What should be done with 

wormy apples? What should not be done with wormy 

apples? 
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321. An examination of the sweet potato will show 
a large number of marks toward one of the ends. The 
question as to what these marks may be will bring 
TheSwMi various answers. The potato may then be 
Pouto. g^^ j^j^j£ ^^y jjj^Q ^ jj^j. Qf water, and put in a 

bright warm place. Here it will sprout, and if strings 
be given it, soon a beautiful vine will result. 

322. The beautiful group of stars known as the Great 
Bear can be made out easily in the early evening of 
January and February. The Dipper is the only im- 
Ti» portant part of it. At this season the bowl 
rsppw. Qf the Dipper is up and the handle down 
(§ 298), as it hangs in the northeastern sky. Excellent 
pictures of the constellations will be found in the Cen- 
tury Dictionary, and good ones in a number of similar 
sources. The SderUific American publishes in the first 
number for each month a chart of the heavens for the 
month, with much accompan3ring information. 

323. Every little rill and gutter has more or less sand 
Ijdng about it. The rock material has been broken up 
and grains that are harder than the rest remain. In 
BuDd and creeks the sand is more or less angular. Sea 
SMidttone. gj^jj J jg made up of very evenly rounded grains. 
For this reason it does not scratch, and some years 
ago was commonly sold by grocery stores imder the 
name of silver sand, though used only for scouring 
tinware. If stirred in water it promptly settles. The 
coarse pieces settle first, the finer later. This process 
will form layers and make an easy introduction to the 
study of a piece of sandstone. This, too, will help the 
children to understand that sandstone was once sand, 
and was then part of a sea-beach. 

324. The lesson on dew (§ 314) can almost be dupli- 
cated and serve as a lesson on frost, if, in addition 
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we notice the temperature at least to the extent of 
seeing whether it is cold or warm. This, 
of course, follows from the fact that frost is » 
simply frozen dew. What bearing does this have on 
protecting cultivated plants? 



SPRING TBBM 

325. A good opening for the spring work will be made 
if the so-called seeds of the simflower (though techni- 
cally they are fruits) are planted and watered carefully. 
When they come up the first pair of leaves The 
should be carefully noticed (§220). The ^^<>^^' 
plant should be drawn if the pupils are suflBciently 
advanced. The second pair of leaves will differ from 
the first, and the third from the second. Notice how the 
growing plants bend towards the light (§226). Plant 
a few seeds in well-washed sand, preferably sea-sand, 
and compare their growth with that of those planted 
in earth. 

326. Cut several twigs from a horse-chestnut tree, 
and place their cut ends in a jar of water. Notice care- 
fully the position of the buds; the scars where old 
leaves fell off; the spots in these scars where _ „ 

_ 1 t t> t 1. 1 1 ^® Horae- 

the sap-vessels passed from the limb to the chestnut 
leaf, one usually for each leaflet in the old 
leaf; the gummy secretion that covers the buds and 
keeps out rain that might enter and freeze them. The 
bigger the twig the longer the leaves will develop out 
of the nourishment in the twig, but it will rarely happen 
that the horse-chestnut flowers will develop, the first 
nourishment in this plant going to leaf. 

327. If a stout twig taken from an apple tree be put 
into water the blossoms will develop as rapidly as the 
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leaves, iisually even a little earlier. Watch the unfold- 
,j^ ing, by putting the blossoms in a window where 

Apple the sun will strike thenu Examine the bios- 
soms carefully to see whether you can tell 
what part of the flower is to be the apple. After the 
petals have dropped oflf, look again. What part of the 
flower will be the star on the end of the apple opposite 
the stem? Can you find the nectar (§ 249)? Is it 
pleasant to the taste? 

328. The robin is most deservedly popular. Interest 
the children in him by repeated questions that need 
out-of-door observations for their answer. Do not give 
more than one or at most two questions at 
a time. Gradually they will notice the walk- 
ing and hopping of this bird, and his side motion of the 
head in hunting worms. Is this latter for listening or 
for looking? Does he eat anything but worms? When 
do the robins begin to carry materials for a nest? What 
do they carry? Where do they get mud? How does 
the male (Mr. Robin) differ from the female (Mrs. 
Robin) ? Tell them that the male is more prominently 
marked (§ 175) and get them to tell the real difference. 
Caution them against trying to look into a bird's nest, 
as the parents will commonly desert a nest that is much 
examined. If you want to give yourself a question I 
believe to be as yet unanswered, try to tell what robins 
have two white comers on the end of the tail. A later 
question will be to decide the use of these spots. Ask 
the children to tell what the robin says. Do not let 
this be sentimental; but as imitative as possible in 
soxmd. If there is appropriateness of meaning, well 
and good; but first of all attend to the soimd, even 
though the syllables or words used have no meaning. 
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329. At this time of the year the air will be vocal 
with the spring songs of toads and of frogs. A visit 
to almost any standing water or to the quiet Toad's 
beaches of smaller streams will reward one with *^**"- 
abmidant supplies* of the eggs of toads and of frogs. 
Toad eggs are laid in strings of transparent jelly^ and 
each egg is a black ball. Frog's eggs are in various 
sized clumps of jelly, the size depending on the species 
of frog. These masses should be gathered with a con- 
siderable quantity of the water, say a quart to each 
clump; and kept in a bright but not too directly simny 
spot in the room. In a short time the tadpoles will 
quiver in the egg (§ 152) and later work their way out. 
Notice first the external gills, which soon disappear. 
Later the legs develop, the hind legs first (§ 162). Toads 
mature quickly; frogs much more slowly. At first the 
tadpoles should be fed a leaf of tender lettuce or of 
water-cress. Later a piece of well-washed meat (§ 158) 
or of fish food or cracker crumbs will be necessary, as 
they change completely from vegetable to animal 
feeders. 

330. A few bumble-bees captured at the flowers by 
entrapping them between an open tumbler and a card 
will prove most interesting. Notice that some are 
"white heads." that is, they have a square 

white patch in the front of the face. These BumUe- 
are males, and cannot sting (§106). Hence ***" 

they can be, and should be, handled freely. Care must 
be taken not to squeeze them. If this is well done, it 
will be an excellent lesson. It helps children to over- 
come senseless fears; but best of all, if we handle them 
with genuine care, it teaches kindness to dumb crea- 
tures. The great objection to cruelty is not because it 
hurts the animal but because it demoralizes the children. 
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Notice how the tongue ie folded back on the breast 
when not in use, and how it is turned forward to probe 
a flower (§ 92). They gather the nectar of flowers and 
make it into honey. It is too early yet to say more than 
that the visits of bees help the flowers to produce seeds. 

331. Call attention to the shadow of the vertical 
edge of the window or of the upright window-bar, 
marking the position on the floor at nine o'clock and 

again at ten, eleven, and twelve. See how 
Apparent' nearly the shadow comes to the same place at 
2^^ the same hour the next day, and the next 

week. A sun-dial in the yard is most interest- 
ing if it can be constructed. Nothing will make clearer 
the fact that the earth does not move uniformly about 
the Sim than the steadily varj^ng difference between 
the sun-dial and the clock. 

SECOND GRADE 

FALL TBBM 

332. The fall behavior of the crow is most interest- 
ing and makes him well worth watching. Does he 
walk or hop? Does he soar, or coast, or flutter con- 

stantly when he flies? On what does he feed? 

Does he fly with a company of his fellows in 
flocks? Which way do the flocks fly in the early morn- 
ing? In the late afternoon? How many flocks can you 
see in one late afternoon? If you can put older pupils 
at it, get them to see how many birds there are in each 
flock. A good way to get the number of animals in a 
flock, or of people in a crowd, is the following: starting 
at one end, count ten, then by judgment jump to twenty, 
then to forty, to eighty, and so on. A little practice 
will enable one to estimate by this method with very 
fair accm-acy. 
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333. There will be little diflSculty in getting some 
boy who loves to roam the woods and meadows to 
bring in a turtle. Give him his appropriate surround- 
ings (§ 69). Try him with three or four The 
different kinds of food. Try an apple, a turnip, T^^^r^^ 
a piece of meat, and a lump of sugar. Can he see? 
Can he close his eyes? Does he close them both at once? 
Can he hear? How many toes has he? What are they 
good for? If you can find an old and empty turtle- 
shell look at the inside of it and see whether you can tell 
of what bones the shell is made (§ 156). 

334. If the school be located in a town it will be 
easy in fall to get a cosmos flower. If the school be 
in the country the sunflower will serve the same purpose. 
Show how this, like the golden-rod and the 
dandelion, is a cluster of flowers belonging cosmoaor 
to the great composite family. Notice the **^So^' 
gay flowers on the outside, with their broad 
attractive corollas. These serve to draw the insects to 
the cluster. On the roimded part of the cluster are 
many little flowers. First the outermost ones bloom. 
After these the next circle. Can you tell in your speci- 
men which circle of flowers is blooming? How can you 
tell? Why does a simflower or a cosmos last so long? 

335. The peanut is an interesting fruit. It cracks 
down both sides like a bean or pea. It has usually two 
or three seeds on the inside of it. Each seed can split 
in two, like a bean. When it is split you will The 
find the baby plant as a little peg lying be- ^«^^^' 
tween the two sections. The sections are the food for 
the plantlet to grow from when the peanut is planted. 
Is it good for us? Why is it not wrong for us to eat a 
baby plant and its inheritance of nourishment? 

336. On some day three or four days after the almanac 
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announces a new moon and the evening promises to 
be clear^ ask the children to carefully draw the moon 
_ „ , as they see it in the west soon after sunset. 

The Moon's - , , . . - 

Change In three days try it again; and so on every 
*** three or four days for two weeks. Then take 
a ball. Ink one side of it to represent the side away 
from the sun and chalk the other half to represent the 
sxmny side of the moon. Then slowly turn the ball 
before them until they realize that at first we only see 
a little of the sunny side of the moon. Then we 
see more and more until at full moon we see the 
entire simny half of the moon. There are two pecul- 
iar features that may attract the children's notice. 
When the moon is just beginning to show its thin line 
of light after new moon (commonly called the dark 
of the moon) it is often faintly lighted over all the rest 
of the circle. When this is true, it is because the bright 
part is lighted by the sua, and the faint part is illumi- 
nated from the earth. The moon then has full earth, 
just as two weeks later we have full moon. The earth 
looks as bright and shining from the moon as the moon 
looks from the earth, only the earth looks very much 
larger. The other peculiar feature is that the bright 
part will look too big for the dull part. This is because 
anjrthing very bright looks bigger than when it is dull. 
In our glass electric-light bulbs the filament looks as 
thick as a knitting-needle when it is lighted but when 
it is dull we see that it is very thin indeed. This is not 
due to expansion on heating. It is solely an illusion 
due to the brightness of the filament. 

337. The approach of Christmas once more makes 
the evergreens suitable subjects. Choose for the present 
lesson the holly or the laurel, depending on the locality. 
The one which is most easily obtained is naturally the 
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better subject. Holly is the more interesting of the 
two; perhaps, chiefly on account of its attractive 
berries. How do these plants dififer at this ^heHou 
season from most plants? How are the leaves or the 
adapted to this work of resisting color? What ^^'»^- 
temptation does this offer to browsing animals? How 
does the holly protect itself ? How does laurel (§ 243)? 
(Laurel is sometimes called "lambkilL") Why are the 
holly berries bright (§ 281) ? What is inside of them ? 

WIMTEB TEBM 

338. Whether the dog (§ 187-191) shall be studied 
collectively by all the pupils under the direction of the 
teacher in the school-room, or by referred questions at 
home, depends on many circumstances, mainly 
however on the tact of the teacher and the 
extent to which he enjoys the confidence of the patrons. 
If the work is referred work, ask the children first to 
draw the dog from side view, particularly noticing the 
hind leg. When they report, ask questions. How many 
toes on the hind feet? Where is his heel? His knee? 
His hip? How many toes has he on the front foot? 
How many of them are useful (§ 187)? How many 
are useless? What may eventually happen to the use- 
less one? What has happened to one toe on the bind 
foot? Where is his wrist? Where is his elbow? His 
shoulder? How many nipping teeth (incisors) has he? 
How many tearing teeth (canines) ? How many grinders, 
(premolars and molars)? His molars cut meat much 
like a pair of scissors cuts it, rather than grind as molars 
usually do. The earlier account of the dog (§ 187-191) 
has suggested material available here. 

339. It is interesting to realize that our winters are 
not birdless. If there are trees about the school the 
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downy woodpecker is very likely to visit them. If a 
piece of firm beef suet be nailed up in a tree 
Downy the Ukelihood can be changed to a certainty. 
^^ He is a bird of about the size of a sparrow, 
but instead of perching on the limbs he stands 
upright against the trunk. He bsaces himself by means 
of the feathers of the tail. His crisp "tweet, tweet," 
in a busy undertone while he industriously scours the 
bark for insects acnd larv» and spiders, together with 
his light chopping taps on the bark, will call attention 
to him. He is striped black and white, and the male 
has a little touch of red on the nape of the neck that 
the female lacks. Under the same surroundings the 
nuthatch (§ 361) and the chickadee (§ 384) may be 
noticed but easily discriminated. 

340. If the circumstances make the downy in- 
accessible, the chicken may serve at this time. No- 
tice the stout legs for constant rimning and scratch- 
The ing; notice also the short poor wings. It is 
Chicken, probably because the flight is so poor that the 
meat of the breast, which works the wings, is white 
and tender. The eggs are big (§ 183) so the chicks can 
grow big enough in the egg to run as soon as they come 
out. The rooster defends and cares for a bunch of 
hens. So he must be beautiful to charm them (§ 177) 
and have strength to drive away other roosters (§ 177). 
What do they get when they scratch? Scratch for a 
while, yourself, and see. Try them with the various 
things you find. 

341. If there is an old board fence about, examine 
the imder side of the running rail for the winter rest- 
ing stage (§ 114) of our butterflies. Some of them 
will hang head down, being fastened by their tails. 
Others will be buried in masses of hair which they 
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shed when they threw away their last caterpillar skin. 
If the fence is near a patch in which parsley or par- 
snips or either cultivated or wild carrot has 
been growing, one is very likely to find the chryiSu 
chrysalis of the swallow-tailed butterfly. This is Butterfl^* 
fastened by the tail, but the fine pointed head 
is held up by a strap of silk about the shoulders. The 
chrysalis should be handled just enough to make it 
wriggle and thus prove itself alive. Much handling 
kills it. If the creature be pinned up in the room against 
a board by its own strap it will doubtless transform 
later in the winter or in early spring into the butterfly. 

342. If boughs of two evergreens, one of them any 
pine, and the other any spruce or hemlock, can be 
found, they will make effective decorations and good 
material for lessons. The previous lesson on 
evergreen (§ 317) can be reviewed. The Spruoeand 
tough leaves are hardier than the tender ^*°^**®^- 
leaves of maple and elm that must be thrown away 
before winter comes. The sap has a sticky resin 
with it that probably keeps it from freezing so readily. 
The needles are narrow and shed the snow more readily 
than broad leaves would. The first lessons in discrimi- 
nating evergreens can come here. The needles of the 
pines are in bundles, wrapped together at the bottom. 
Our commonest pine, the white pine, has five needles 
to the btmdle. In the spruces, firs, and hemlocks, the 
needles are separate. 

343. The orange is now so common as j be quite 
available for this work. Its golden color is attractive 
(§ 279). Its oil in the skin protects against moulds 
and insects. The pulp attracts animals (§ 280) The 
who eat it but discard the bitter seeds (§ 284). ^^~«®- 
Notice the little spots in the stem end, coimt them. 
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and later count the segments (each a pistil). What 
is the meaning of the spots in the stem scar? Find 
in any good m)rthology the story of Hercules and 
how he went to the Islands of the Hesperides for the 
'^ golden apples/' which were undoubtedly oranges. 

344. After the Dipper in the Great Bear, no group 
of stars is more commonly known than Orion, the most 
beautiful of all the constellations. During the early 
Th«oon- evening this group of stars will be found to 
stciution the southeast of the zenith in January, nearer 
^**'*' the south in February, bearing towards the 
southwest in March. The mark by which it can always 
be recognized will be the line of three bright stars 
which are supposed to form the belt of Orion. A 
very bright star forms his right shoulder and another 
his left foot. The Century Dictionary contains an 
excellent picture of this constellation. A m3rthology, 
if available, will give you a story that can easily 
be made interesting. 

345. Whenever small stones are rolled in the bed 
of a stream or on the beach of a lake or of the sea, 
the comers are rubbed ofif by friction with each other. 
„.., In mountain streams and meadow brooks 
and Pud- often Only the rougher angles are smoothed 
ding tone, ^g When the process h^s gone on long ouough 
the softer stones are worn completely to sand or even 
to fine mud. But the harder stones roll and roll, and 
grind and rub, until they are far more nearly spherical. 
Such stones if small are known as pebbles, if large as 
cobble stones. If in the neighborhood there is any of 
the rock formation known as pudding stone, or con- 
glomerate, it will be well to show a piece of it to the 
pupils and tell them that originally that rock was a 
sloping beach where pebbles and mud were piled to- 
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gether. Later the mud hardened as more material was 
piled on top of it, and baked by the inner heat of the 
earth, and so changed into pudding stone. 

346. Melt a piece of ice slowly in a tin-cup over a 
small lamp. If any of the children are old enough to 
read a thermometer, stir the water steadily with a 
thermometer, and notice that while the ice is melting 
the water gets no hotter, or very little. This loe, water 
shows that all the heat is going to the melting »»»d steam, 
of the ice. When the ice is all melted the water rapidly 
gets warmer. If the thermometer reads high enough 
keep this up until the water gets to the boiling point. 
Now again the water gets no warmer. All the heat 
now goes to changing the water to steam. So steam, 
water, and ice are all the same material, but with more 
or less heat packed away with them. What is the 
temperature of melting ice? Of boiling water? When 
does the water get uncomfortably hot to the hand? 
The temperature oC the blood is ninety-eight and a-half. 

BPBINO TEBM 

347. The violets have as hiuch charm for the children 
as almost any of the flowers. At first sight it would 
seem almost wrong for children to pluck such handfuls 
of flowers as they do of violets. But no plant . 
can spare its flowers better, because it has 
another set of unattractive flowers near the ground 
and these really set most of the seed. The blue of the 
violet is particularly a bee color (§ 263). Even big 
bumble-bees visit the violets, and when they alight on 
the flower they drag it to the ground. A light spot in 
the middle of the violet tells the bee the location of the 
honey, and dark lines show him just the direction his 
tongue must take to reach the nectar. This is in the 

18 
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little sac or spur at the back of the flower. Almost 
half way up the side of the stem that holds the violet 
are two little teeth. These, in the ancestors of the 
violet, were once leaves, but they were discarded prob- 
ably so as to give the flowers a better chance. If one 
will dig up a violet plant in late May or early June, he 
will find small flowers that look like buds very close to 
the roots. They have no corollas, and never open until 
they have fertilized themselves, set their own seed and 
ripened the seed ready to scatter. We call such flowers 
secret or cleistogamous flowers. 

348. Review the fall lessons on the peanut (§ 335), 
especially noticing the two parts of each kernel and the 
peg between them. Now plant at least a dozen such 
kernels in earth and keep them in a sunny spot, and 
,j- water them enough to keep the ground from 
Qrowinc drying out. Dig one up in three days, another 

**"'**' in five days. Then wait for the appearance 
of the rest. Study them every few days. Notice what 
happens to each part of the seed. 

349. The beech tree has unusually beautiful long 
buds, with dainty papery budH3cales. Cut twigs of 
the beech and draw them. Consult the lessons on 
the horse-chestnut twig (§ 326} for desirable points. 
Bunttnc Put branches in water and allow them to 
®^^"- unfold their buds. Study and draw them 
often. Notice particularly the dainty folding of the 
beech leaves in the bud and their gradual unfolding. 
If beech is not available use elm, but beech is much 
prettier. Birch twigs will answer very nicely, too. 

360. The catbird is one of our common birds whose 
The acquaintance well repays cultivation. Notice 

Catbird. |.]^g^^ ^y^^ color is uot Uniformly gray as one 
at first supposes. After the darker wings and tail and 
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the crown, especially of the male (§ 175) have been noted, 
ask where the patch of chestnut color is found. In 
what sort of surroundings does the catbird live? How 
is his tail adapted to his life (§ 162)? Do not finish the 
study of the catbird until the pupils realize that the 
simple cat-like call is only a scold note, and that this 
beautiful bird is one of our most exquisite singers. 
It is one of the few birds that imitates other birds about 
it. Indeed, it is a first cousin of the southern mocking- 
bird. 

351. Over pools or near streams in the meadows the 
swift darting dragon-fly always attracts attention. Let 
one of the older pupils catch one in an insect net. Put 
it into a box with a little cotton so that it The 
cannot batter itself to pieces before the lesson ^^^^^^^'^-Ay- 
is held. Handle it fearlessly. It cannot sting (§106) 
and its jaws are usually too small even to catch hold 
of the flesh and are never strong enough to give any 
objectionable pinch, much less to do harm. The gauzy 
lace-work of the wings is remarkable. The large com- 
pound eyes make up nearly the whole head, and the 
separate facets are large enough to be visible to the 
naked eye, and easily seen under a hand lens. Then 
look between the compound eyes and you will find the 
three simple eyes. The colors of the dragon-fly are often 
of that most beautiful of all kinds of colors, the iridescent 
colors. These depend not on coloring matter but on 
surface structure, and vary with every change in the 
angle of the light. What do dragon-flies eat ? Do they 
"sew up the ears of little children that tell lies"? Are 
they "snake feeders," or "snake doctors"? 

352. A slight acquaintance with the clouds may well 
begin at this early age. The sky with its countless cloud 
modifications is so beautiful that it is a pity it is not more 
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frequently watched. There are four main types of 
cloudfli which the children can easily recognize. The 
''fleecy'' clouds (cirrus) are light and transparent, with 
tim melting edges. These clouds are usually about 

aondf. £y^ miles above the surface, and are made 
of snowflakes. The " woolpack " clouds are thick, white, 
piled-up clouds, with rolled edges. They look like the 
great masses of steam that roll back from a locomotive. 
They are particularly fine of a hot summer afternoon. 
It is these clouds one can usually imagine as forming 
"pictures." Woolpack clouds are usually about two 
miles above the ground. A third kind of cloud are the 
straight clouds (stratus). These run in long lines and 
sheets, and are best seen near the horizon at sunrise 
and sunset. These are low clouds, often within half a 
mile of the earth. The "storm cloud" (nimbus) is a 
dark cloud, usually with ragged edges from which rain 
or snow falls or will shortly fall. There may be all 
kinds of combinations of these clouds. Young people 
had better talk of them as mixed clouds than to try 
to add new terms at this stage of their progress. For in- 
stance, they had better talk of a mixed woolpack and 
straight cloud than of a cumulo-stratus. 

THIRD GRADE 

FALL TEBM 

353. I fear the reputation of being English will always 
attach to our common sparrow, though he is equally 
German and French. His better name is housensparrow. 
^^ All bird men seem agreed that he is a pes- 

EnsUflh tiferous fellow without a redeeming quality. 
''*™^' But he is here to stay, and we had better make 
the best of him. One of the good uses he may be to the 
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school child is to make him observant in the matter of 
birds. Can you tell the male from the female? The 
male has the greater color contrasts (§ 176). Just 
where are they? What is the shape of his bill? What 
other bird do you know with such a shaped bill? What 
do birds with such bills eat? Do sparrows walk or hop? 
Do they soar or hover or always flutter? What do 
sparrows use in building their nests? This is a matter 
of recollection, of course at this season, imless there are 
old sparrow-nests about, when it will be a matter of 
much interest to take one apart and see the miscellany 
here thrown together. Notice that the house-sparrows 
gather together into flocks in the fall as if to migrate 
(§ 184), and then they do not go. Perhaps it is a relio 
of an old habit, and that long ago they used to migrate. 
354. In the cotmtry the toadflax, sometimes called 
"butter and eggs,'' grows by every road-side, while 
the nasturtium will give much the same lessons for the 
city pupil. The flower cluster cooperates in xoadiitx 
calling the notice of the insect (§ 261). The and Naa. 
light yellow of each corolla calls attention to *""** 

the individual flower. The orange lip tells a heavy 
insect where to alight. When he does so the mouth of 
this snap-dragon flower opens, as it would not to a 
light insect. When the bumble-bee sits on the lip, it 
opens and discloses two rows of yellow hairs between 
which he pushes his tongue. These guide him down 
into the spur or honey-sac. Above his head, against the 
upper lip of the flower are the stamens with pollen, 
and between them the sticky head of the pistil. The 
pollen, if ripe in this flower, will dust on his head. The 
pistil, if ripe and sticky, will pick off pollen that he 
caught on his head at the last toadflax he visited. This 
will make the ovary at the bottom of the pistil swell 
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up with seeds. By looking at flowers farther down in 
the cluster, or on neighboring plants, all stages of 
development up to the dry pod, ready to scatter its 
seed, will be found. The nasturtium has been suffi- 
ciently closely described in an earlier section (§ 249). 

355. The introduction of the aquarium into the 
school will be an event. Use if possible a rectangular 
aquarium (§ 58) ; a home-made one will answer well. 

A common minnow or sxmfish or, indeed, any 
small fish from the stream will be better than 
a goldfish (§ 61-63). Study particularly his movements, 
noticing what fins he uses. A general account of this 
study (§ 60-67), and of the feeding of the fish and the 
care of the aquarium, will be found earlier in the book. 

356. In the study of the pear the teacher can be 
guided by the directions given imder the study of the 
apple (§371), remembering of course that the pupils are 
^ „ older and can see farther into the subject and 

get reasons more thoroughly. At the close of 
the lessons get them to realize the great similarity be- 
tween the pear, the apple, and the quince, and tell 
them these fruits are close cousins of each other, while 
the peaches, plums and cherries are close cousins of 
each other but more distant cousins of the pears. All 
of these, with the strawberries and blackberries, the 
hawthorn and many others, belong to the very import- 
ant rose family. 

357. At least the older pupils may now learn to read 
the thermometer. Notice two consecutive numbers on 
the thermometer, say 70 and 75. See how many strokes 
TheTem- lie between them. If five, their reading is 
peratuiB. easy. If the two consecutive numbers are 70 
and 80 and there are five divisions, then of coittse each 
division counts two. Seventy-three, for instance, will 
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lie one and a-half spaces above seventy. It ought to 
be possible to read such a thermometer to half a degree, 
though with yoimg pupils this is not necessary. To 
read accurately, the eye should be just level with the 
top of the mercury in the tube. Try the temperature 
in the room at the level of the head. Stand the ther- 
mometer on the floor and read it again. Hang it up 
before the register and read again. Try it outside in 
the sun, and again in the shade. Let it hang at least 
five minutes in each situation before reading it. When 
the pupils can read the thermometer well, hang one 
outside a window where it can be read without opening 
the window and without the sun falling on it. A north 
window is preferable. Then at noon each day (or any 
other definite hour) take the temperature and record 
it on the monthly calendar. After one whole month 
of records, put in some permanent place a record of 
the highest temperature during the month, at noon, 
with its date, also the lowest, with its date, and the 
average for the month. 

358. The approach of Christmas, especially in the 
cities, will bring mistletoe into the market and make 
it a good subject for study. Try to get a fair-sized piece 
that will show the section of limb on which the mis- 
tletoe grows, for the mistletoe is a parasite The 
and grows on other trees. From Virginia ^^»»*i«*<»- 
southward the host is usually a live oak, though often 
a sour gum tree. In southern Pennsylvania, New Jersey, 
and Delaware, the sour gum is, so far as my experience 
goes, the almost invariable host. North of this it is not 
found. It is easy to tell where the mistletoe begins and 
the gum ends. This plant draws a large part of its 
nourishment from the plant on which it lives; so its 
leaves are pale. But when the leaves drop from the 
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other tree the mistletoe still keeps its own leaves and 
works feebly. The white berries are bird-eaten (§ 283), 
but the seeds inside of them are so sticky that they 
cling to the bill of the bird, who wipes them from his 
bill upon the limbs. Here they sprout. Our English 
ancestors, before they were converted to Christianity, 
had a Yuletide feast that came at the time of the short- 
est day. They thought the mistletoe holy, and used it 
in their religious celebrations. When they became 
Christians the use of the mistletoe got transferred and 
it continued to be used in the celebration of Christmas, 
though as a home, not a church celebration. 

WINTKB TEBM 

359. In the country where the children come in con- 
tact with cows outside of school hours the cow will be 
an excellent subject for a lesson. In the city, where the 
,j^^^ cow is out of the question, it may be possible 
or the to get a tame white rabbit, which can be kept 
for a few days in the school-room, and may 
interest. The cow's toes make a good starting point. 
How many toes has she on each foot? How many of 
them are of use (§ 199)? (How do the others come to 
be there?) What sort of teeth does she have in the front 
of her upper jaw (§ 200)? Does a cow chew grass when 
she nips it off? If not, when does she chew it (§ 201)? 
Can you see the cud come up the neck? If accessible a 
piece of tripe from the paimch and one from the honey- 
comb will be of much interest. When a cow gets up, 
on which feet does she rise first? (How is this with the 
horse?) Why does the cow give milk (§ 198)? How 
long after her calf is bom will the cow give milk? How 
much milk will she give? How much butter is in that 
milk? These last three questions are referred to parents 
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who are careful dairymen. If the rabbit is chosen, 
notice the long ears. Why are they so long? Why need 
the rabbit hear well? What does the rabbit like best to 
eat (§ 208) ? Try three or four kinds of food. How does 
the rabbit's jaw work when he chews? How does the 
rabbit show that he is angry? Do not anger him pur- 
posely. He stamps his hind feet with a vigorous patter 
whenever he becomes excited. Look at his front teeth. 
What other animal has teeth like these? To what 
group of animals does the rabbit belong (gnawing ani- 
mals or rodents)? What other animals are in the same 
group (§203-§209)? 

360. Either of the low evergreens known as arbor 
vitfiB or box will serve. The previous lessons on ever- 
greens will serve (§ 317) as a model, with the added 
feature that these are used for borders and ^^^^ 
gardens because they grow very slowly. The vit» 
Japanese take plants like arbor vitse and keep 
rubbing off the tips of the leaves with their fingers. 
This makes the plants grow very slowly, and look like 
miniature trees. The poor Jap who owns only a few 
feet of garden will make it look like a distant big lawn 
by putting dwarf trees and little bridges and waterfalls 
in it. Sometimes a little evergreen tree, not over two 
feet high, and growing in a pot not over ten inches in 
diameter, will be more than a hundred years old, and 
be an heirloom in the family. 

361. The lesson on the downy woodpecker (§ 339) 
will give the idea for a lesson on the nuthatch. This 
bird does not peck with a sharp blow like downy, though 
it does tap a little. But the careless way it The 
runs down the tree trunk, with its head point- Nuthatch, 
ing down, and out the under side of the limbs, will 
serve to easily distinguish him from a woodpecker, 
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who alwajTB stays head up. The nuthatch is slenderer 
than the very chunky and black-headed chickadee, and 
keeps more to the trunk and heavier limbs, while the 
chickadee works more amongst the twigs. The nut- 
hatch calls "yank," "yank," as he works. Where will 
he be in the summer-time (§ 384) ? 

362. On the tips of the branches of shrubs and trees, 
especially of cultivated evergreens, it is very easy at 
this time of the year to find the cocoons of the bag- 
The worm. They are about an inch and a-half 

Bac-worm. j^j^g^ tapering at both ends, and have small 
fragments of sticks fastened to the sides. Inside of 
this case, at this time of the year, we find the brown 
pupa, if the cocoon was that of a female, and the cocoon 
is empty if it was that of a male. The mother's body is 
dry and brittle, and easily breaks open. When so broken 
it is seen that she died with her eggs inside her body. 
These hatch in the spring and creep about as small 
caterpillars that keep their tails in a small bag which 
they carry about with them. As they grow they en- 
large the sack to fit their new size. This continues until 
the larva is full grown, when the bag is permanently 
fastened up. The male soon emerges from the bag, 
a small moth with wings. He visits the female in her 
case, she not getting wings and never leaving the case. 
Her eggs mature inside her body and are never laid; 
the young, as mentioned, escaping from her dead and 
dried body the following year. Often the cases contain 
the cocoons of parasites, known as ichneumon-flies 
(§ 126). The eggs were laid in the body of the cater- 
pillar by a small wasp-like insect. A very interesting 
story is said to attach to this creature in India. The 
Hindoos believe that if a man has led a sinful life he 
must pay for it by having his soul go into the body of 
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a lower animal when he dies. If he was a glutton dur- 
ing life, his soul might enter a pig; if he was brutal^ 
he might be a tiger in the next life. His soul thus went 
from body to body until it was perfect, when it entered 
into its final rest. The poor of India have much diffi- 
culty in getting enough wood to build their fires for 
cooking their food, and there is a bitter temptation to 
steal firewood. These Hindoos believe this bag-worm 
has in it the soul of a man who in his lifetime stole fire- 
wood, and is now serving a sentence by carr3dng sticks. 

363. The hickory nut is a splendid subject to show 
how well nature takes care of some of her babies. While 
the young nut is forming there is a thick tough case on 
the outside of it, which defies the attempts The Hick- 
of most animals to get at the growing kernel. o^yNut. 
When the nut is about ripe and the hull cracks open 
with the frost, the shell of the hickory nut itself is an 
even better protection than was the old hull. In many 
hickory nuts the protection goes even farther and the 
kernel itself is bitter. Fortunately for us, many hickory 
nuts have not yet learned this wise trick. 

364. A little to the west of the point overhead, in 
the early evening at this time of the year, is seerf the 
finest star cluster in the heavens. Occasionally this 
small group is called the Little Dipper, though The 
it should not be so called. A better name ^**«»^m. 
would be the Seven Sisters. It will, of course, be noticed 
that there are really only six stars. The story runs that 
the Seven Sisters were pursued by Orion. They begged 
Jupiter to save them and he turned them into pigeons, 
and they flew up into the heavens, where Orion still 
follows them, being just to the east of them. When the 
Greeks attacked the city of Troy, one of the Seven 
Sisters was so much interested in the city that she 
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could not bear to see it destroyed and left the heavens, 
to join her lover. So there are now only six stars. 

365. A few experiments with the pendulum are very 
easily conducted and serve to give the pupils an idea of 
the method by which experiments are made. Take a 
The ball of wood, or a big glass marble, and attach 
Pendulum. ^ g^^^g to it. If it is a wooden ball, a tack 
will serve; if the ball be glass, cement a small metallic 
button with an eye at the back of it to the ball, and tie 
the string to this. Hang the string to a gas-fixture, 
or in a doorway, and count the number of swings in a 
minute. It will be very easy to prove that a long 
pendulum swings less frequently than a shorter one. 
More siu*prising is it that the same pendulum swings 
as often per minute whether it takes a short or a long 
swing. If a pendulum with a wooden ball, and one with 
a glass ball, are made of the same length, both of them 
will swing the same number of times per minute. The 
strings should be made at least forty inches long to 
work well under the conditions of such a simple experi- 
ment. The length of such a pendulum must be meas- 
ured from the point from which the string hangs to a 
point a little below the centre of the ball. It will be 
found that if this distance is a little less than forty 
inches the pendulum will swing once a second, or sixty 
times a minute. 

366. Limestone is one of our few stones that is soft 
enough to be easily scratched with a knife, and in that 
respect is different from the great majority of rocks. 

limestone ^^ * ^^^^'^ 1^^^^^^*^^® ^ pounded vcry fine and 
And then put into a little strong vinegar that is 

being heated in a tin-cup over a lamp, the 
powder will slowly bubble up and dissolve. This hap- 
pens very slowly in rain-water even, and so practically 
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all our spring and river water has at least a little lime 
dissolved in it. It is in this way that plants get the 
lime they need from water, and from these plants the 
animals get the lime needed for their bones. When 
limestone has been very heavily baked by the interior 
heat of the earth, it is changed into marble. 

BPBING TEBH 

367. It will be foimd a very interesting experiment 
to take a saucer and fold a piece of flannel so that it 
will be two or three ply and will lie completely in the 
saucer. Now moisten the flannel, but do not ciover 
let it stand in water. On this flannel lay ^"^• 
cloverseed and cover it with a similar piece of moist 
flannel, and then with another saucer. Stand this in 
an out-of-the-way place and examine it every day, 
drawing a few of the seeds each day. Other cloverseed 
may be planted in a pot at the same time, and this will 
serve to show later stages of the growth, as the clover 
will not grow very far in damp flannel. An interesting 
seed test can here be made. Get each of several chil- 
dren to bring cloverseed from home if possible, or pur- 
chase from several dealers. Shake up a little seed, say 
a teaspoonful, and spread it on the desk. Coimt out 
the first two hundred seeds you come to and see how 
many of them are clover and how many are other 
plants, probably weeds. (What per cent, is this?) 
Now out of the cloverseeds, not taking the weeds, count 
one hundred seeds and plant them in flannel. What 
proportion of these (what per cent.) grow nicely? What 
proportion grow poorly? What proportion do not 
sprout? Which of the samples of cloverseed is the best? 

368. The dandelion is the best single flower from which 
to teach the nature-study side of plant life. The rosette 
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of leaves saves the space for the whole winter, so that 
The the plant has its own little area reserved for 

Duideiioii. j^^^^ year. It grows a little any warm week 
of the year. Its teeth on the leaves, as the leaves grow, 
push the blades of grass aside so that the plant can get 
abundant light (§ 235). The leaves are bitter, so as 
to keep animals from eating it (§ 243), though here, as 
usual, man steps in and does the prohibited act (§ 243). 
The flowers grow in great clusters of two hundred or 
so in a single prosperous head. They open only on 
sunny days, when insects are about (§ 272). They are 
yellow, a color to which all kinds of insects ate suscepti- 
ble (§ 249). They open only by daylight and close 
each night. When the grass is short the dandelion 
stems are short, but when the grass grows the dande- 
lion stems grow, too, and keep above the grass. 
When the heads have opened up day after day and all 
the flowers have been visited by the insects, they close 
up and stay shut until all the seeds are ripe. Then, 
when a good day for planting dandelions comes, the 
heads open up for the last time and uncover a great 
globe of seeds, with white hairs, which break away and 
float on the wind to every quarter of the country. 
There is not a single month of the year in which dander 
lions do not bloom, if the plants grow on the sunny side 
of sheltering walls. 

369. Our difiEerent maple trees bloom through a long 
period of spring. It will be most interesting to catch 
the succession of them, beginning with the inconspicuous 
liapie blossoms of the silver maples and going through 
Bud«. ^jjg jjj^j.^ sightly red and the showy Norway 
to the latest and most graceful of them all, our stately 
sugar maple. To watch the trees through one spring 
will be a revelation to most people, who cannot realize 
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that any but a few trees bear flowers. Of course, all 
of them do; and to come to see the flowers adds very 
much to one's interest in trees. Not only should the 
twigs be forced in water in the school-room, but the 
pupils should be guided to see them on the groimds, 
along the streets, and in the woods. 

370. Few spring trees are more beautiful in their 
blossoming than the peaches. The stems are short, so 
that the flowers hug the branch, because there are no 
leaves to hide the blossoms. The great Poach 
wealth of stamens with their yellow pollen ^i<»o"»- 
and the nectar in the bottom of the flower draw the 
bees. A very little inspection, especially if one cut the 
blossom in two, will show the little part that is to be 
the fruit. The almond is a first cousin of the peach, 
and in blossom looks very much like it. The Japanese 
are perhaps, as a nation, the greatest flower lovers in 
the world. When the season of almond blossoms 
comes they have great out-door festivals to enjoy the 
wondrous beauty of these blooming trees. 

371. If the teacher has a quick ear and wants to 
start his pupils in the delightful habit of listening to 
bird notes, the song sparrow offers a charming oppor- 
tunity. This little bird is about the size and shape of 
the house (so called English) sparrow. It is not, how- 
ever, so highly colored, but is more streaked, 
especially on the breast. The characteristic owtiarkor 
mark is that a number of the streaks of color ^,^^, 
on the throat rather merge, giving the effect 

of a triangular necktie. The song of this bird starts 
with a single note repeated three times, followed by a 
trill. If bird-notes seem beyond the reach of teacher 
or pupils, the meadow-lark (§ 180) will serve as a more 
than commonly interesting subject. This striped bird, 
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about as large as a blackbird, will be found walking on 
the ground. When frightened he flies in a straight 
course, with much fluttering of the wings, about six 
or eight feet from the ground. As he flies he ''shows the 
white feather" (§ 208). His song is a very cheerful 
whistle, long drawn out. One of my pupils thinks he 
says, "Can't see me-e-el" 

372. The wasps are now busy making their nests. 
A little search imder ^he eaves of the woodnshed or 
under the roof of a covered porch or in a garret will 
ThA disclose either a paper or a mud nest. The 
WMP0. paper is made of wood fibres chewed off 
from dead limbs or weather-beaten boards. The 
mud is taken from some puddle. Very often it is pos- 
sible to follow the wasp to the spot from which she is 
gathering her material. You will lose her often, but 
as she usually follows the same path time after time 
it is not difficult to pick her up again. In the mud 
cases the wasp makes she usually stores spiders, and 
lays an egg in each compartment. When the young 
wasp larva comes from the egg it feeds on the spiders. 
In the paper cases, the young have no stored food but 
are fed directly by the mother or one of the helpers. 
They eat nectar from flowers, pulp of sweet fruits, 
and later crushed flies and other insects. 

373. A more than commonly interesting lesson may 
be made from a study of the foods commonly eaten 
at the table. This work correlates especially well 
^^ with the geography lessons. It may be well 
BraakfMt to take a typical breakfast. The opening 

* ** dish may be prunes or an orange. The prunes 
are doubtless from California and their sweet meat 
was provided by the tree so as to secure the transpor- 
tation of the seed (§ 279), whose hard stone prevents 
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|. its being eaten (§ 280). In case of the orange, probably 

I from Florida, Jamaica or California (the fruit dealer 

£ knows in each case); the rind keeps off insects. The 

ij pulp is pay to the larger animal for carrying the seeds, 

{ while the bitter taste keeps the seeds from being eaten 

f (§ 284). A dish of oatmeal or shredded wheat may 

follow. The oatmeal probably grew in the upper Mis- 
I sissippi Valley and was milled in the East. The wheat 

, grew in the northern tier of states or in Canada, and was 

{ shredded at Niagara by electric power generated from 

^ the water-power of the falls. A piece of steak probably 

I ranged just east of the Rockies and was killed in Chicago. 

, The potatoes were doubtless a home product. The 

^ bread was probably grown in the North, milled in Min- 

^ neapolis, and perhaps baked in the nearest large city. 

[ The coffee (if coffee there were) came doubtless from 

, Rio Janeiro, even though the label called it Java or 

I Mocha. The sugar probably grew in Hawaii or the 

West Indies, and was purified in New York or Phila- 
delphia. The above heavy meal embraces much so 
as to cover more cases. Few children will have had so 
much, fewer still have needed it. 

374. The pupils have already noticed that the sun's 
shadow travels about an object from the west through 
the south to the east. It remains to notice the yearly 
movement. An earlier section (§ 292) gave ^heSun's 
full directions for noticing the points and Yeu-iy 
times at which the sun rises and sets. It will ^^^°^^ • 
suffice here to add an observation to be made by the 
whole school. Drive a straight stick into the ground 
so that it shall be exactly vertical. Try it with a plumb- 
line made from a thread and a heavy metallic button. 
Each day, exactly at noon, measure the length of the 
I shadow. It will be found to grow shorter up to June 

10 
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twenty-first and then to lengthen. An enterprising 
teacher may care to make the following experiment: 
Take a stick of some definite length, say that five feet 
of it sticks above the gromid. Now at noon on March 
twenty-first, when the smi is shining vertically on the 
equator, measure the length of the shadow. Suppose 
it to be four feet. Now draw on paper a right-angled 
triangle. Make one side about the right angle as many 
inches long as the stick is feet high. The other side 
of the right angle should be as many inches long as the 
shadow is feet long. Now draw in the third side of the 
triangle. With a protractor measure the angle at what 
represents the tip of the stick, and this will ^ve you 
the approximate latitude. If this be done on June 
twenty-first, when the sun is seining on the Tropic 
of Cancer, twenty-three and one-half degrees above 
the equator, you can perform the experiment in just 
the same way at this date, but when you have meas- 
ured the angle you must add twenty-three and one- 
half to the size of the angle to get the latitude. 

376. The daisy is a great favorite of the children. 
It is one of the plants in which the indi^ddual flowers 
are very small and they cluster in cooperative com- 
mimitiee. The little yellow flowers so abundant in the 
centre furnish all the pollen (§ 264) and set most of the 
TiMiiiakv ^^'^^ (S 255). But the outermost row have 
elongated white corollas, and ^ve themselves 
chiefly to the work of attracting the insects (§ 334). 
The bitter and tough character of the stem makes it 
distasteful to browning animals, while the large number 
of seeds to the head insure many successors in the 
immediate neighborhood next year. One new daisy 
may thus next year start an entire clump. 
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376. When the blue-jay is abundant he is a great 
favorite with the children. His virtues are conspicu- 
ous. He is gay of plumage, bold and inquisitive, and 

^ his voice keeps one constantly aware of his ^hesiue- 

presence. What does he eat?. How long jayorthe 
^ does he stay? How do other birds like him? 

, What is his flight? Does he walk or hop? In what 

I sort of locality is he foimd? These and many other 

. questions will be fruitful. If the blue-jay is not avail- 

able, the pigeon is very interesting, chiefly as we trace 
in him signs of his ancestry. He sits on roofs, not on 
trees, because his anc^tor was a rock pigeon in western 
I Asia. He eats chiefly grain, and when he has young 

he feeds them food he himself has at least half digested, 
putting his bill into the throat of his yoimg. In spite 
of all the variations man has bred into this bird, common 
pigeons often revert, — that is, turn back to the old 
blue type, with shiny neck, and two black bars across 
each wing. 

377. The wonderful daisy family forms a large part 
of the fall flowers. A simflower will show the type 
well (§ 334). On the central disk are flowers whose 

" corollas are tubular. About the edge are TheFau 

' flowers with long yellow, strapHshaped corollas, ^'o^po"***- 

' Now the plants of this family can be arranged by the 

^ children into three groups, and the arrangements will 

test their observation and in a few cases the eyesight. 
' In some of these plants the flowers are all alike, and 

' all tubular. In this group the pupils will find at this 

' time of the year the Joe-Pye-weed, the ironweed, 

boneset, and golden-rod, with perhaps a belated thistle. 
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In another group, the flowers in the centre are tubular, 
but those in the outer row have grown long and split 
open into the strap shape. In this group are the sun- 
flowers, the asters, and the cosmos, while earlier in the 
year the daisy, the Black-eyed-Susan and the yarrow 
could have been added. In the last group all the flowers 
have become long and strap-shaped. Most members 
of this group bloom earlier in the year. The chicory 
flower, the ¥dld lettuce, and the dandelion, will still 
be found, and perhaps an occasional belated hawk- 
weed. 

378. Much has been said in earlier sections (§ 143-153) 
concerning the toad. To set one on a table and let an 
ant creep near him will usually give us a splendid exhibi- 

tion of his powers of marksmanship. But to 
really enjoy this fellow at his best one must 
know him out of doors. Beneath a lamp, especially 
an electric arc light on a pleasant summer night, a 
group of toads ¥dll often collect. If it is ''June bug" 
season the pursuit and. capture of this insect by the 
toad is a source of unending delight. The toad sub- 
mits to capitvity very well, and thrives in the live- 
cage. He soon grows acquainted with those about 
him, and is comfortable and natural in their presence. 
He is apparently quite fond of having his back 
scratched. 

379. The grape is one of the fall fruits that illustrates 
very well the principles underlying fleshy fruits (§ 279). 
The skin keeps out smaller insects and especially bac- 

teria and moulds. When it splits close to the 

'^'^ stem, moulds almost immediately attack it. The 

blue color attracts the birds, for whom wild grapes seem 

intended. They eat the juicy pulp. The seeds are sw 

hard and firm that they escape the grinding action of 
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i the bird 's gizzard (§ 282) and the solvent action of the 

i intestine. Accordingly they are dropped at random 

i everywhere and spring up into new vines. A certain 

i kind of grape, properly dried, is the raisin, 

r 380. The pupil has learned in an earlier lesson to 

I read the thermometer (§ 357). Now it remains to imder- 

t stand the thermometer. Let a bottle with a slender 

f neck be filled up to a point about half way up The Th«r- 

i the neck with water as cool as is available, ""ometer. 

I Now take a small rubber band and put it aroimd this 

neck just at the level of the water so as to mark its 
i height. If now the bottle is stood in a large vessel of 

I warm water it will be noticed that as the water in the 

\ bottle gets warmer it gets larger and fills the bottle 

higher. It will sometimes be noticed that on first warm- 
ing the bottle the water drops for a few seconds. This 
is because the bottle warmed and got larger before the 
water inside could get the heat. But the water soon 
catches up and then rises above the mark. The ther- 
mometer is a bottle with a very slender neck, filled 
with mercury part way up the neck. Review the methods 
of reading the thermometer and read the temperature 
of a number of locations. The metallic scale bearing 
the mercury can be slipped out of its tin case in many 
thermometers. This can be put in the arm-pit and 
covered by the clothing. If left here for five minutes 
it will about register the blood temperature. 

381. The return of Christmas brings the cone trees 
once more into prominence. The pupils by this time 
are ready to try a little work in classifjdng, cone-bear- 
and the following table will serve to determine "* '^''™"- 
the commonest of our wild and cultivated members 
of this group: 
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KEY TO OUB COICMON CONE BEAREBS. 

I. SUMMSR GbeDT. 

1. Leaves siii|^e Cypfess. 

2. Leaves clustered Larch. 

II. EVSBOBXKN. 

1. Leaves sin^. 

A. Flat, oval, outstanding Box. 

B. Flat, pressed to the stem Arbor Vitse. 

C. Awl-lDce, prickly pointed Juniper. 

D. Needle^ike. 

a. With a leaf stem. 

a. Spreading from stem in all 

directions Spruce. 

6. Spreading from stem in two 

directions Hemlock. 

b. With no leaf stem Fir. 

2. Leaves clustered — Pine. 

A. In fives White Pine. 

B. In threes Pitch Pine. 

C. In tiros Yellow Pine. 

WINTER TEBM 

382. The walnut is in striking contrast with the 
grape (§ 379) and is much like the hickory nut in its 
general activity (§ 363). While the nut is forming a 
pulp, distasteful in the extreme, protects the tender 
kernel. Later the shell hardens and the hull, now no 
The longer necessary, loses its bad flavor. While 
Walnut. ^Y\e leaves were green the fruit concealed 
itself by being green also (§ 285). After the leaves 
dried up, and the nuts were to fall to the groimd, they 
took the color of the earth and the dried leaves. Heavy 
as the shell is, the squirrel's long sharp teeth have 
vanquished it. 

383. Either a horse or a squirrel may be studied as 
opportunities offer. The horse (§ 196-198) has lost all 
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but the middle toe on each foot. Here the toe-nail 
has grown all around the toe to form the hoof. .^^ ^^^ 
If we protect this from wear with a shoe, we or th« 
must trim his nails when we change his shoes. "'**"*™*- 
Having no long pointed teeth to bite with, and no 
horns, he must take to kicking for defence. When he 
eats grass he moves his head just the reverse of the 
cow (§ 200) and chews it as he nips it, instead of 
chewing the cud. The squirrel has the typical rodent 
teeth (§ 203). His sharp claws let him catch hold of 
tree trunks well. His long tail serves somewhat like a 
bird^s tail (§162) as a rudder in his long jumps. What 
does he eat? Is he about in winter? How many kinds 
of squirrels have you in your neighborhood? 

384. The chickadee is one of the most interesting of 
our winter visitors. He will be found with the downy 
woodpecker (§ 339) and the nuthatch (§ 361), but while 
they are seen chiefly cleaning the trunks of The 
trees, he works especially on the small twigs, chickadee. 
He is quite indifferent as to whether he is right side 
up or not. His beautiful black cap and his merry song, 
a quiet telling of his own name, will distinguish him. 
He sings ''chicka-dee-dee-dee; chick-a-dee; chicka-dee; 
chick-a-dee-dee-dee-dee." When summer comes he 
starts for his mating and nesting summer home in the 
North. 

385. The earlier study of the stars has made us 
acquainted with Orion (§ 344) and the Pleiades (§ 364). 
On a line drawn from the Belt of Orion to the Pleiades 
and nearer the latter lies a very bright star. TheCon- 
This is the fiery eye of the Bull. It is at the ■teiiationa 
left top of a V, the point of the letter being BuUand 
supposed to represent the nose of the Bull. **»«^^^- 
The old eastern sages, of the vaUey of the Euphrates, 
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looked upon these conBtellations and saw them^ so far 
as the eye could distinguish, practically as we see them 
to-day. Coming out of its deep antiquity, the book of 
Job seems to acquire a nearness to our own day when 
the Almighty, speaking to Job and his companions, to 
prove his great power and their entire helplessness says: 

"Oftn'gt thou bind the sweet influences of Pleiades, 
Or loose the bands of Orion 7 " 

Two fairly bright stars north of Orion, in the prolong- 
ation of the arms of the V, are the tips of the horns. 
The Pleiades lie in the shoulder of the Bull. If there 
ever was any continuation of this animal he has faded 
away, and nothing but the front quarter and head are 
left. This is the Bull that carried Europa across the 
Hellespont. Directly opposite Orion from the Bull 
and equally far away is the brightest true star (the 
planets Jupiter and Venus are often brighter) in all 
the heavens, the Dog Star. This is the eye of the 
Dog, whose nose points rather toward Orion. He is 
sitting, and a triangle to the south of his eye marks his 
hind quarter, with his hind feet stretched in the direc- 
tion towards which he faces. This group of three con- 
stellations may well stand out in the mind of the child^ 
as he sees it winter after winter. In the centre is 
Orion, a club upraised in his right hand and brandished 
in the face of the charging Bull. The Dog, in cowardly 
fashion, sits behind Orion watching the fight. 

It is of course clear that stars have no real relation 
to such things as dogs and bulls. Almost any other 
figure could be as clearly seen. The modem astron- 
omer locates stars not by these devices, but by what is 
practically celestial latitude and longitude. In these 
times those old creations will not retain a hold much 
longer on the imaginative mind. 
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i 386. Shale and granite are two markedly different 

f kinds of rocks and the pupils are now ready to see 

c them. One is in layers, and shale may well stand for 

I this type. Put a handful of earth into a bottle, and 

nearly fill the bottle with water. Cork it, shake the 
< bottle thoroughly, and then allow the contents to settle. 

It will be noticed that the bigger and heavier frag- 
ments settle on the bottom, lighter particles higher up, 
and that a fine mud settles on top. So in the bays and 
along the shores of the continents the soil brought down 
by the rivers settles layer after layer. When shiOeand 
these are covered up by the later layers and G»nit«- 
baked into rock by the heat of the interior of the earth, 
they form shales, slates, sandstones, and limestones. The 
layering can often be told in the small specimen as in 
the shale; but it is easier to see it in the rock itself. 
Granite, in the sense in which we will use it here, and 
in the sense in which it is commonly used when we 
speak of building materials, is rock which though 
perhaps once formed in this way has not only been 
baked stiff but has melted and become pasty; so that 
all small layer lines are completely gone. When these 
rocks cooled, they crystallized out in shining speckles. 
387. For the next study one should have a bar or 
horse-shoe magnet, together with a knitting-needle if 
possible, and if not, some steel nails. To this should 
be added about half a teaspoonful of iron filings if 
possible, and if not, a pack of the smallest obtainable 
tacks. Show that the magnet will lift the Th» 

steel knitting-needle, the steel nails, the iron Ma«a«'' 
tacks, or the iron filings. Will it lift paper, wood, a 
penny (copper), a five-cent piece (nickel), a dime 
(silver)? Take the knitting-needle and using always 
the same leg or end of the magnet stroke the knitting- 
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needle from end to end a dozen times, always beginning 
at the same end and always stroking in the same direc- 
tion. Now see whether the knitting-needle is a magnet. 
Break the knitting-needle in half and try the halves. 
Are they magnets? Put a little piece of cork on each 
end of one of these half knitting-needles and float it 
in a china or glass basin. Which way does it point? 
Mark the end that points north with ink. Try the 
other half of the knitting-needle in the same way, 
and mark its north end. What could such a needle be 
used for? (The Chinese did this very long before we 
knew an]rthing about the compass.) Now while one 
needle floats, hold near its marked end the marked end 
of the other half. What is the result? What happens 
when you hold the unmarked end to the marked? 
When the two unmarked ends come near together? 

BFBINO TEBM 

388. The walnut tree is assigned here in the hope 
that the pupils will watch at the earliest leafing of the 
walnut for the beautiful slender bunches of flowers 

containing only stamens. Closer to the 
nut or the branches are the few short flowers that bear 
(gieBtnut ^jjg pistUs and will become the walnuts. 

The flowers of the walnut are so beautiful, 
and so very rarely seen by the ordinary observer, that 
it is well worth while to know them. The long 
slender stalks of staminate flowers of the chestnut are 
easily seen. Hunt farther back, or at the very bottom 
of these yellow stalks, for the minute green burrs, with 
their three pink tails, the stigmas, which will later be 
the tails of three chestnuts in the burr. 

389. Make an aquarium as directed in a previous 
section (§ 58) or use a glass jar. From any pond or 
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stream gather water^ a few stones, and a little sand, 
and a few plants that grow with their leaves The Pond 
under water. Clinging to the plants and ®"^- 
stones you will find pond snails. Transfer these to 
your aquarium. Note their foot, head, mouth, and 
tentacles (§ 134). See them approach the surface 
occasionally and open a hole in the side of the body 
to get a bubble of air. Watch them eat; you can see 
the mouth working against the glass, if you use a hand 
lens. Even the naked eye will show much in a good 
light. Sometimes a snail will slowly walk across the 
under side of the top of the water (§ 134). It will not 
be long before little masses of jelly will be noticed 
clinging to the glass side of the aquarium or to the 
plants. These are the eggs (§ 134) of the pond snail, 
and each little yellow spot in the mass is to be a snail. 
Watch these under the hand lens and a most interesting 
series of occiurences will be observed. I think any 
observer will be struck when the forming snail first 
moves in the egg. 

390. liet the pupils draw the shape of the moon 
some evening soon after new moon. At the same time 
they should put a few of the brightest neigh- 
boring stars in their proper position with rela- Motion 
tion to the moon. Let this be repeated each 8*^8^ 
night for a week. The change of the moon 

both in shape and in position will be easily apparent. 
An account of the features of the moon has been given 
earlier (§296), and will be suitable for study when 
the moon comes to the full. 

391. An earlier section (§ 373) described a study of 
the breakfast table, and will serve as a model for this 
more extended exercise on the dinner table. The physi- 
ological basis of an elaborate dinner may perhaps 
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be added. The soup, which in a full dinner should 
,j^ be dainty, is intended to whet the appetite 

DiniMr without in the slightest sense satisfying it. The 
meat and vegetables should furnish the sub- 
stantial food. The dessert must be very tempting or we 
would not eat it, and should be light, for we have 
already well eaten. Coffee, if taken at the close, is like 
a whip to drive the stonoach to work, especially when 
we have eaten too much. 

392. The Baltimore oriole is often known as the 
golden robin. His feathers are colored a beautiful 
orange and black. These were the colors of Lord Balti- 
j^ more and to them the bird owes half of its 
Biatimoi* name. The hanging nest ({ 181) of the oriole 

is one of the handsomest pieces of bird structure 
the children will ever meet. The rich voice, not unlike 
that of the robin but far fuller and more sonorous, 
makes it in a double sense the golden robin. This is 
one of our very useful insect-eating birds and should 
be encouraged in every way. Colonel Brown, the Indiana 
"bird and bee man," says (and he knows the oriole inti- 
mately) that if we will litter our lawns with pieces of 
string about eighteen inches long, while the apples are 
in blossom, we will be very likely to attract orioles and 
coax them to build near by. Be very careful not to 
disturb a nest by observing it too closely, or the birds 
will desert it. 

393. The ground ivy is so common in the grass 
as to furnish a more than ordinarily good lesson. It 
creeps with its stem on the ground. This means the 
^ browsing animals might eat it but they 
Ground Can Only eat the tip of the stem and it will 

^' soon grow up again. In addition, it has an 

aromatic juice that makes it objectionable eating to 
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most animals. It roots every here and there along 
its prostrate stem. Hence if it is tramped on and broken 
each half can still grow. The leaf-ends of the stem 
and its branches turn up and catch the sunlight. The 
purple flowers attract little bees and flies. The lower lip 
in each flower shbws them where to light. Blue lines 
then indicate the direction to the stores of nectar. 
Meanwhile ants, who are too smooth to carry pollen 
from flower to flower, and who might rob the nectar, 
are kept out by bristles on the stem at the bottom of 
each pair of leaves. The square stem and the lipped 
flower, together with the aromatic odor of the bruised 
leaves, tell us this is a member of the great mint family. 
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HELPFtJL BOOKS ON NATURE STUDY 

394. The teacher of nature study, like the teacher 
of any other subject, will deny himself much if he does 
not go to the literature of the subject for help in his 

work. But there is an especial danger in such 
Duger of help on this subject. So soon as one takes to the 
Boob! ^^'^ instead of to nature for questions that 

nature could easily answer, he loses the spirit 
of the work. One must be careful, therefore, to ask 
many questions of things themselves under the open 
sky, and to read with patience in nature's book. The 
best service any nature book can render is to send us 
out into the open better equipped to read nature's 
own story written in living letters on the broad face of 
field and meadow, of hill and valley, of stream and lake, 
of beach and ocean. 

395. No attempt is made here at fullness. A few of 
the most easily accessible books, that seem to the 
ThiB liflt is author best adapted to the needs of the class 
notFuU. Qf teachers for whom this book is written, 
are briefly characterized. It is no criticism of a book 
that it is not here mentioned. 

396. Perhaps the most important single book thus 
far brought out to supply the needs of the nature- 
study teacher is Dr. Clifton F. Hodge's "Na- 

^^!tm ture Study and life," published by Ginn 
study and qj^^ Company. It is a mine of information 
and has the advantage of being written by 
one who is both teacher and scientist. 

802 
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397. Mrs. L. L. W. WHson, in her "Nature Study 
in Elementary Schools," published by the Macmillan 
Company, has given a detailed series of les- wikon: 
sons, month by month. This author has a g^*'*" 
positive genius for finding materials for work Elementary 
in city schools. Where a more detailed pro- s<*«>i«" 
gram is wanted than preceding sections of the pre- 
sent book supply, Mrs. Wilson's book will be found ^ 
of distinct advantage. 

398. The Nature Study department of C!omell Uni- 
versity, under the splendid directorship of Professor 
Bailey, seconded by Mrs. Comstock and I^fr. John 
Spencer and their enthusiastic helpers, has j^^ 
issued a series of unusually helpful leaflet^. „J^™«" 
A considerable collection of these has i$een st^ 
published by the Department of Agriculture ^^^^'" 
of the State of New York^-^tlnder the title: "Cornell 
Nature-Study Leaflets." The sections of this book 
contain most excellent accounts of the subjects they 
discuss. From the nature of the collection it is frag- 
mentary. But as suggestions toward the method of 
treating the subjects, rather than as' sources of inform- 
ation, these leaflets are very helpful indeed. 

399. For the teacher who wishes to assure himself 
he is doing wisely in teaching this subject at all, and 
who is called upon to meet adverse criticism, 

I know of nothing better than Professor ••The Natl 
Bailey's "The Nature-Study Idea," published "~S*i*!" 
by Doubleday, Page and Company. It will 
help one to return with courage to work that is some- 
times discouraging. 

400. Besides owning at least one book on the general 
subject, the enthusiastic teacher will surely want 
one other, dealing with some section of the material. 



S04 THE STUDY OP NATURE 

It will be of distinct advantage if, as before suggested, 
each of several teachers will take a different depart- 
, _^ ment, with which he will make himself more 

particularly familiar. These teachers should 



then serve each other as authorities in their 
several departments. For the teacher who wishes to 
gain a broad conception of the animal world as the 
background for thoughtful nature work, a good modern 
text-book on general zoology is desirable. I think 
for this particular purpose I know of none better than 
''Animal Studies/' by Jordan, Heath and Kellogg, 
published by D. Appleton and Company. Far less 
ambitious, but excellent so far as it goes, is the little 
book on "School Zoology," by M. Burnet, published 
by the American Book Company. 

401. The one department in which the teacher will 
perhaps be most tempted to specialize is that of the 
birds. Fortunately one of the best of all the books 
r!h>,>»>^^ . ^^® nature movement has brought out awaits 
"Biid ' one here. Mr. Frank Chapman's "Bird 

Life " 

Life," published by D. Appleton and Company, 
is almost ideal. It is quite within the comprehension 
of the beginner, is scientific in its spirit, has a very 
workable field-key and has nothing in it that must 
later be unlearned. 

402. The class of animals which approaches nearest 
the birds in general interest and in availability for 
elementary work is that of the insects. Here^ too, we 

Oom»took- ^^® * *^^^ ^^'^ ^^ * capable scientist which 
"inMMst is still not too technical for the general reader. 
^** ' This is "Insect Life," written by Professor John 
Comstock and published by D. Appleton and Company 
The insects are here grouped according to the nature 
of the situation in which they are most ooiamonly 
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^ found. This arrangement is quite a natural one in 

^ connection with our present purpose. For the butter- 

nut flies Mrs. Comstock's book on '^ How to know the Butter- 

i flies," published by the Scribners, is admirable. 

Iff 403. It is quite worth while that the spiders should 

t» have much more study than they have generally had. 

fc For this purpose "The Common Spiders of 

n the United States," written by James H. ^^°™^^ 

i Emmerton and published by Ginn and Com- s^jJ^^S 

B pany is the best book now on the market. 

i I feel sure many teachers, if they would but enter on 

t this field, would find it very attractive. 

e 404. Plants, while less interesting than animals, 

i are more abundant and more easily gathered and kept. 

The result is that they often play the main part in 
nature-study work. It is very desirable that qovI^. 
the teacher who has not had a good modem "pi<^,^ 
course in elementary botany should overcome ^' 

his disadvantage by the careful reading of one of 
the number of recent text-books that have transformed 
that science. For the nature-study teacher one of the 
very best is Professor John Coulter's "Plant Studies," 
published by D. Appleton and Company. 

405. In "A Few Familiar Flowers," published by 
Ginn and Company, Mrs. Morley has described in 
excellent spirit the spring plants that are 

most likely to be used by the teacher. No -AFew 
better work could be done by the beginner j^£^J^ 
in the study of plant life than to parallel 
Mrs. Morley's account in work with other flowers. 

406. The inexperienced student of plants who has 
not learned to use a key, or having learned has for- 
gotten, will want a book by which to name the plants 
he finds or his pupils bring in. For this purpose an 

20 
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excellent help is Mrs. Dana's (now Mrs. Parsons) ''How 
jj^^. to Know the Wild Flowers," published by 
••How to Charles Scribner's Sons. The teacher who will 

Know (ho 

Wild tint with water colors the pictures of this 

^^^'^'" book as he finds the flowers will give himself 
most interesting and profitable exercise in plant 
study. 

407. The ferns are so beautiful, and it is so easy to 
learn how to identify most of them, that they, too, 

will deserve the attention of the teacher. 
*'How(o Transplanted into the school yard, if given 
j^^ J*** a similarily moist and shady spot they thrive 

and do much to beautify the grounds. Mrs. 
Parsons' "How to Know the Ferns" serves here most 
thoroughly. It is published by Charles Scribner's Sons. 

408. No phase of plant work will prove more last- 
ingly interesting than the study of the trees. Fortu- 
nately here, too, we have a most excellent 

"Among book. Miss Julia Rogers' book entitled 
§JJ2!" "Among Green Trees," published by Mumford 
and Company, pays so much more attention 
to the life of a plant than any of the other authors 
who treat this subject for the beginner, that her 
book is particularly strong from the nature-study 
side. 

409. The teacher who is attracted by the few lessons 
in this course on the soil, the rocks, and the weather, 

will find assistance in imderstanding this 
"Tho"^* side of the subject from any of the excellent 
^^J^l, recent text-books on geology and on physical 

geography. Perhaps none is simpler for the 
imtrained teacher than "The Earth and Its Story," 
by the late Professor Heilprin, and published by 
Silver, Burdett and Company. 
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J, 410. Similarily the little work done here in a study 

V of the sky may stir up some teachers to do serviw 

'^ more. To such a very excellent help will "Astrono- 

r be found in Professor Garrett Serviss' book ™^^pe» 

^ called "Astronomy with an Opera Glass/' gim«." 

published by D. Appleton and Company. 

411. The teacher who grows really imbued with the 
, spirit of the work will want to commune with the great 

spirits who have loved nature and told us of their love. 
Such a student should begin with any one of 
John Burroughs' nature books. If it is de- ^Yeti 
sired to purchase but one, "A Year in the j^cUuS 
Fields" is made up of selections from many 
others, put into the order of the seasons, and is pub- 
lished by Houghton, Mifl^ and Company in very 
attractive form. Mr. Burroughs seems to me to 
hare succeeded better than any other nature writer 
in describing with absolute simplicity the thing he 



412. After Burroughs the nature lover will want 
to read Thoreau's writings. These are far more sub- 
jective than those of John Burroughs, the Thoreau: 
strange and interesting personality of the "^'^^^" 
author standing out on every page. Here, again, if 
but one book can be purchased, it should certainly be 
"Walden." 

413. The man who first taught the student of nature 
how much of interest can be found in one's yfute: 
own locality was Gilbert White, whose " Nat- '"^^*^ 
ural History of Selboume" is a world-famed toryof 
classic and most suggestive. Seiboume." 

414. Still farther back in English literature lies a 
gem of the first water. Izaak Walton's "Compleat 
Angler" is an imending mine of delight to the sym* 
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pathetic lover of nature. It would have been a reve- 
lation to Izaak Walton to have seen the 
•*tim ' capture of a fine muskallunge, not to mention 
JjJjJ^* a tuna or a tarpon; but his naive simplicity 
and his charming love of everything out of 
doors is most delightful. 

415. But the book of books on this subject remains 
to be mentioned. It is issued periodically with illustra- 
tions magnificently colored. The language is by turns 
The Book simplicity itself and technical complexity, 
of Nature, yarfed ofteu by portions absolutely and 
bewilderingly obscure. But unending study brings 
unending reward, for the book is Nature herself, and 
its author is God. 
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two Idads of tetlMn (tf 180 

tjpiflil foot ol four toM 104 

OMofattfMttweolontion.. 170 

vm oi •ong in mmUm 170 

mBoitaH 108 

▼ariatioa in faiUs 107 

Tariirtkm in fficht lOS 

▼aryiac me/HwiUm of new- 
bom bird* 170 

Toioe is bebC msMw of nttno- 

tion 173 

wingi corw ip ond to fore lesi 101 

workof tboAodiibaaBodety 177 

Blackbod, ineouMofftiidy. .. 268 

Bi^Acx-CBOwmBDNioKrHnBoif.. 172 

Blub wLtwrn, ramoral of dead 

bodies by 126 

Blub Jat, in ooone of etody . ... 201 
Booxs, need to cuide obeen^ition 28 
BBAVcwBi eombined in etndy. . . 08 
Bbbak^ast tablb, in ooone of 

etndy 288 

Bull (eonetellntion) 264 

in ooune of study 200 

BuMBLXBsn, in ooune of study. . 205 

honey melring . . .- 205 

BunnocK. how scattered 288 

BuBBOuom, aeeuraey of 50, 807 

BmnsBVLiB, ooLoration of 100 

fertilisation of flowen by. . . 126 

how they attain growth 115 

"BmrrBBVLinB, How to Know 

Thb/' Anna B. Comstock. 805 

life history of 113 

transformation of 110 

Caob, how to make 70 

how to stock 81 

CAianTM LATBBOFTBnn,useof. 200 

Cat, comparison with dog 184 

enemy of the birds 180 

in course of study 260 

struotun of paw of 184 

use of whisken of 180 

why kittens play 186 

why she hunts at night, 185 

Catbibd, in course of study 274 

Catibphxabs, harmlessness of . . 116 

in course of study 260 

proteetire coloring 104 



CATBBmj.ii^ sting of the lo. . . 110 

sli^of tlwSMldle-ba^.... 110 

(^■BBT bbbob, bow eeatterad. . . 242 

Cbb b ibui, how it ptoteela itself 244 

bmr, m eonae of study. ... 200 

idataon of color to aoRoand- 

ingi 200 

tna^ in eonne of stody 208 

GmcxADBB.inea«ineof stody... 296 
OncKxir. deveiopmentof legi... 270 

in eouae of stody 270 

lack of wing devdopment... 103 

stroeton of foot of 104 

CmntujtK, method of gathering 

food 104 

GLmaaro Fburb 238 

GLDuna, f oor kinds of 270 

in eonrse of stody 276 

C^TXB, fertilisation of. by beee. . 124 
GLOvxaaBBD, in ooom of stody. 285 
Oocoamot, how proteeted and 

propagated 246 

OoDLJDfo moth, life history of. . 128 
OoLOBATioM, struggle between 

bright and protective 100 

"COHMON 8PIDBB8 OF THB U. 8., 

Thb" by James Emmerton.. 806 

OoKMOH TmNoa, best for study . . 21 
overiooked 20 

"GoKPLBAT Akolbb, Tbb," by 
Isaak Walton 308 

CoKPoaiTB Flowbbs, in oouise of 

study 291 

struetura of 291 

why economical 280 

GoMPoaiTiON 06 

Conb-bbabino Tbbxs, in oouzse 

of study 294 

key to 294 

Combtbllationb, Casriopeia 253 

DogandSirius 254 

Orion 253 

The Bull and the Pleiades... 264 
The Dipper 252 

Go5pb&ation in study 52 

COBN AND SuOABrCANB 67 

Cosmos, duster, in ooune of study 267 

Cotton Plant, fruit of 287 

Cow, evolution of the foot of . . . . 189 
how she chews her cud 190 
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Cow, in ooune of study 280 

means of defense of 189 

purpose of milk of 189 

sense of smell of 191 

teeth of; how she eats 190 

why she ohews her oud 190 

Crabs Axm Lobstebs growth of 143 

Crayfish, head appendages of. . 141 

home of 139 

how he grows 143 

legs and tail of 142 

nxethod of feeding 143 

Crbaturis care of 67 

kindness to 57 

Crow's habits in autumn 266 

in course of study 266 

CxTLTURB, need of 34 

Daisy, in course of study 290 

structure of 290 

Dandbuon, development/(>f fruit 

of .\ ^_ 

fruits carried by wind 236 

how it grows -^^_ 

in course of study. ... 

DXVXLOPMXNT OF MoDKRN 

KNCE, result of 

Dbw, in course of study. ...:.... 259 
DiNNKR TABLE, in coursc of study 300 

Dog, adaptation of teeth 181 

degeneration of ears 182 

in course of study 269 

retains instincts of wolf an- 
cestors 182 

structure of fore and hind 

legs of 180 

structure of teeth and feet of 209 

why he barks 183 

why he howls 183 

why easily domesticated. . .. . 183 

why he keeps nose moist 183 

DoqStar, in course of study 296 

Domestic Animals, dose connec- 
tion with man 179 

Dragon-fly, eyea of 95 

in course of study 110 

Duck, structure of feet of 166 

** Earth and its Story, The," 

by Prof. Heilprin 306 

EvsRORBENS, adaptation to with- 
stand high winds and cold . 260 




page 
Etbrgrbens, discriminations be- 
tween different kinds. . . 271, 294 

in course of study 260 

Exactness, value of 40 

•* Ferns, How to Know the," 

by Mrs. Parsons, criticism of 306 
Fertilisation, why plants pio- 

pogate by seed 227 

•*Few Familiar Flowers, A," 

byMissMorley 305 

Fish, eyes of • 145 

how they breathe 144 

how to feed them 146 

in course of study 278 

structure of 143 

use of lateral line 145 

use of nostrils 145 

Flies transmitters of typhoid 

Uvtat^. 130 

Flowebs, general account 218 

shape for keeping out useless 

insects^ 221 

asfesrthey are 218 

OOD, it3 relation to Geography. 
Tresh Water Clam, description 

of 138 

home of 139 

Frogs and Toads, character of 

eggs.... 151 

love song of 155 

method of feeding 150 

relative times of develop- 
ment and growth 153 

structure of 148 

use of prominent eyes 149 

Frogs' Ears 150 

eggs, structure of 152 

nostrils and respiration 149 

Frost, in course of study 262 

what it is 262 

Fruit, what constitutes one 231 

Glaciers 67 

GoLDENROD, in couTBc of study. . 259 

Grains and Cotton Pods 67 

Granite, in course of study 297 

Grant Allen, suggestiveness of. 51 

Grape, in course of study 292 

Grasshoppebs, adaptation of 

hind legs 91 

protective coloration ...... 104 
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Obbat Bbab, in eovne of ■tudy 202 

QaoiTifDHoo. life and food of lOS 

QaoiTifD Itt, growth and ehwse- 

toristies of 800 

in ooww of study 800 

Hamd Lbmb, valiM of 61 

Hawk, stnietun And um of dnwi 

of 165 

HAWX-Moni, tnuufonnation of . 118 
Hbavbmi, stimnce Uek of knowl- 

•dgoof 247 

HsBom, wadinc !«(■ of 167 

HnaiAN Flt, lose of wheat by 127 
HicKOBT Nut, hi ooune of study 288 

protection of 283 

HoLLT on Laubsl, in eoune of 

•tudy 268 

protection from oold and 

enemies 268 

HoNXT Bbb, usefuhiees of 124 

HoBSB, evolution of foot of. . 187, 294 

evolution of neok and head 
of 188 

in ooune of study 294 

HoBSB-cHnnnrr Twia, in eoune 

of study 263 

HoBSB-KADiBH, how pTOteoted. . . 206 
HiTMiONO Boo, structure of bill 

and toncue 160 

IcB, Watbb, and Stbam, in 

course of study 273 

ICHNKUMON FLT, USC of 126 

Indian Tdbnip, how protected 206 
"Insbct LnrB," by Prof. Corn- 
stock 804 

Inbbcfb, appearance of young. . . 118 

are good material 80 

arrangement of wings of . . . . 02 

biting mouth, parts of 90 

bright coloration of 105 

diflferences in wing-structure 91 

ean of 98 

egg-laying 110 

eyes, compound and simple 95 
feelers, organs of touch and 

smeU 96 

growth by moulting 115 

how to catch 82 

how to kill 84 

how to mount 85 
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Imacn, legs flattened for swim- 

91 

for walking 90 

length of life of 122 

means of defense of 109 

method of getting informa- 
tion 95 

mission during adult 

■tage 123 

multipUcation of 110 

parts of body tif 90 

parteof leg 90 

preparation of 81 

protection 109 

protective coloring 102 

protective fonn 105 

respiration of 102 

■ting 109 

suddng mouth, parts of 101 

transfonnation of 116 

water^oving kinds 91 

wing vibrations, number of 94 

with no wings 94 

with two wings 93 

JuNCO, appearance and work of 261 
in course of study 261 

Katydid, protective coloring of 104 

Latititdiv how to find from the 
«un 289 

Laubkl, in course of study 268 

LsAF, adaptation in form for se- 
curing sunlight 215 

arrangement on horis<mtal 

twig 213 

arrangement on vertical twig 

of alternate -leafed plant 213 
on vertical twig of opposite- 
leafed plant 212 

Lbav, how it does its work 215 

its importance to animal and 

plant life 211 

its structure 215 

its work 212 

Lbavbb, reason for their arraoge- 

ment 212 

Limb, how it gets into our systems 285 

LniBSTONB AND Mabblb, in 

course of study 284 

relation to marUe. 285 

Magnbt in course of study 297 
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Mamhals and Bibdb best ftudied 
alive 81 

Man, superiority over animala. . 245 

Maplb Buob, in ooiirse of study. 286 
variety of 286 

Maples, how fruits are scattered 236 

MsADow-LABX, how to reoognise 287 
in course of study 287 

MuTLKTOB, how and where it 

grows .^ 279 

in course of study 279 

MoLB, character of fur of 197 

character of nose of 197 

development of feet of 197 

his food; his eyoB 197 

Moon, drawing of man in the 

moon 261 

features of 250 

in course of study 267, 299 

individual observation of . . . 260 
lit by sunlight and earthlight 268 

Moon's Chanobs in Shapb, in 
course of study 267 

MooNVLOWBB, fertilisation of 222 

MosQunoes, distinction between 

harmful and harmless 132 

life history of 120 

methods of extermmation... 132 
transmitters of malaria 130 

MOSQUITOBS AND DBAOON-VLIBS, 

egg laying of HO 

Moths, cocoons of spinners 119 

protective coloring 103 

Mountain Laubbl, how fertil- 
ised 229 

Musx-BAT, home of 196 

Nastubtiuii, bud of 218 

development of flower 226 

formation of seeds 225 

how bud is protected 218 

how fertilised by bees 225 

how it lures insects 220 

"Natural Hibtobt of Sbl- 
boubnb" by Gilbert White. 307 

Natubb discloses Ood 41 

Natubb Lttbratubb, value of . . 25 

serves for culture 37 

study and drawing 61 

and geography 29, 68 

and language, relation be- 

32,62 
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" Natubb Study and Litb," by 

Dr. Clifton Hodge 302 

"Natubb Study Idba, Thb" 

by Prof. Bailey 303 

"Natubb Study in Elbmbnt- 
ABY Schools,'' Mrs. L. L. 

W.Wilson 303 

Natubb Study, best out of doors 17 
demands oazeful observation 26 

four aims of 32 

higher possibilitieiB of 34 

increases interest in other 

branches 33 

Introduction to course in 256 

Leaflets of Cornell Univer- 
sity, value of 303 

no scheduled time for 60 

place of books on 302 

relief from book work 23 

should teach love for animals 258 

subject a commonplace one 256 

to fit in with other lessons. 256 

subjects treated in regard to 

advancement of pupils. . . 257 

a subject worth while 256 

test of 17 

test of books for 26 

Nbt, how to make 83 

Nbwtb, superstition about 146 

Nbwtb, where found 146 

NoTBS, illustrated 48 

should be collected 68 

Nuthatch, how to recognise. ... 282 

in course of study 282 

Nuts, protection of, why neces- 
sary 243 

Objbctb most familiar are most 

valuable 47 

Obsbbvation better than books. . 22 

commonly poor 26 

training for 28 

Obanob, in course of study 271 

Obion, in course of study. ...... 272 

Out-doob Work, substitutes for 18 
Pbach Blossoms in course of 

study 287 

Pbanut, embryo plant of 267 

in course of study 267, 274 

Pbab, dose relation to apple and 

quince 278 



